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Status of the Claims: 

Claims 1 - 28 and 31 - 34 are currently pending. 

Claims 1 - 34 are currently rejected. 

Claims 1 1 , 1 2, 29 and 32 are rejected under 35 U.S.C. § 1 12. 
. Claims 1 - 34 are rejected under 35 U.S.C. § 103. 

Claims 29 and 30 are currently cancelled. 

Claims 1 - 1 1, 13, 14, 16, 1 8 - 24, 27, 28 and 31 - 34 are currently amended. 

Amendments to the Claims: 

No new matter has been introduced by way of the claim amendments. 

Claim 1 is amended in step a) to delete the limitation of a functionalized species on the 
sidewall of the carbon nanotubes. Claim 1 is amended in step a)(ii) to recite that the carbon 
nanotubes comprise nucleation sites operable for initiating a polymerization reaction selected 
frpm the group consisting of anionic polymerization and ring opening polymerization. The 
amendments in step a)(ii) provide clarity, and support can found in at least claim 1 as originally 
filed. Claim 1 is amended in step b) to recite dispersing the functionalized carbon nanotubes in 
the solvent. The phrase 'said aryl halide' has been deleted in order to make this step 
commensurate in scope with the rest of the claim. Claim 1 is amended in step c) to place the 
elements (i), (ii) and (iii) in a Markush group. Claim 1 is also amended in step c) to recite that 
the at least one reagent reacts with the functionalized carbon nanotubes to form a polymerizable 
species. The polymerizable species is selected from the group consisting of an aryl-lithium 
species, an aryl-metal bond species and initiator groups. The initiator groups are formed by 
deprotonation of the nucleation sites. The amendments in step c) clarify details concerning 
Applicants' method, and support can be found in at least claim 1 as originally filed and 
paragraphs [0012], [0026] and [0028] of the instant specification. Claim 1 is amended in step e) 
to recite a polymerization reaction between the monomer and the polymerizable species. The 
polymerization reaction is recited as being selected from a Markush group consisting of anionic 



ATTORNEY DOiGKET NO 
11321-P068WOUS 



PATENT 
U.S. Ser. No. 10/561,253 



polymerization and ring opening polymerization. The polymerization reaction is recited as 
occurring between the monomer and the polymerizable species, rather than between the 
monomer and the fiinctionalized carbon nanotubes as previously written, in order to clarify that a 
transformation of the functionalized carbon nanotubes has occurred in order to affect the 
polymerization reaction. 

Claim 2 is presently amended in step c) to reflect that the alkyllithium species reacts with 
the aryl halide functionalized carbon nanotubes to form an aryl-lithium species comprising aryl- 
lithium bonds. Support for this amendment may be found in at least paragraph [0012] and 
Figure 1 of the instant specification. Claim 2 is also amended in step c) to correct a minor 
typographical error. Claim 2 is presently amended in step e) to recite a polymerization reaction 
between the monomer and the aryl-lithium species. The polymerization reaction is recited as 
being selected from a Markush group consisting of anionic polymerization and ring opening 
polymerization. The polymerization reaction is recited as occurring between the monomer and 
the aryl-lithium species, rather than between the monomer and the functionalized carbon 
nanotubes as previously written, in order to clarify that a transformation of the functionalized 
carbon nanotubes has occurred in order to affect the polymerization reaction. 

Claim 3 is presently amended in step c) to reflect that the metal reacts with the aryl halide 
functionalized carbon nanotubes to form an aryl-metal species comprising aryl-metal bonds. 
Support for this amendment may be found in at least paragraph [0012] and Figure 2 of the instant 
specification. Claim 3 is presently amended in step e) to recite a polymerization reaction 
between the monomer and the aryl-metal species. The polymerization reaction is recited as 
being selected from a Markush group consisting of anionic polymerization and ring opening 
polymerization. The polymerization reaction is recited as occurring between the monomer and 
the aryl-metal species, rather than between the monomer and the functionalized carbon 
nanotubes as previously written, in order to clarify that a transformation of the functionalized 
carbon nanotubes has occurred in order to affect the polymerization reaction. 

Claim 4 is presently amended to recite that the metal is selected from the indicated 
Markush group. The phrase 'comprises a substance' has been deleted to reflect that it is the 
metallic elements and combinations thereof that are claimed. Support for this amendment may 
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be found in the instant specification in at least paragraph [0026]. Claim 4 is also amended to 
correct a minor grammatical error by deleting the word 'include'. 

Claim 5 is presently amended for clarity. As amended, claim 5 recites that the aryl-metal 
bonds are aryl-Mg bonds, which comprise a Grignard species. 

Claim 6 is presently amended for purposes of clarity and antecedent support. 
Additionally, the preamble of claim 6 has been rewritten for purposes of clarity. 

The preamble of claim 7 has been rewritten for purposes of clarity and to change 
'methods' to 'method'. 

Claim 8 is presently amended to correct a minor grammatical error. Additionally, the 
preamble of claim 8 has been rewritten for purposes of clarity and to change 'methods' to 
'method'. 

Claim 9 is presently amended to depend from any one of claims 1 or 2, rather than claims 
1-4 or 5 as previously written. Claim 9 is also amended to change 'methods' to 'method 1 . 

Claim 10 is presently amended in step a) to recite that the functionalized carbon 
nanotubes comprise nucleation sites for a polymerization reaction. Support for this amendment 
may be found in at least paragraphs [0021], [0027], [0028] and [0032] of the instant 
specification. The polymerization reaction is recited as being selected from a Markush group 
consisting of anionic polymerization and ring opening polymerization. Claim 10 is amended in 
step c) for purposes of clarity and for antecedent support. Claim 10 is presently amended in step 
e) to recite a polymerization reaction between the monomer and the initiator groups. The 
polymerization reaction is recited as occurring between the monomer and the initiator groups, 
rather than between the monomer and the functionalized carbon nanotubes as previously written, 
in order to clarify that a transformation of the functionalized carbon nanotubes has occurred in 
order to affect the polymerization reaction. Step e) also includes the limitation that the 
polymerization reaction is selected from a Markush group consisting of anionic polymerization 
and ring opening polymerization. 

Claim 1 1 is presently amended to recite that the nucleation sites comprise at least one 
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element selected from the indicated Markush group. Support for the amendments to claim 1 1 
may be found in at least paragraphs [0021 ] and [0027], 

Claim 13 is presently amended to clarify that it is the nucleation sites that are on the 
sidewall of the functionalized carbon nanotubes. Support for this amendment may be found in at 
least paragraph [0032] of the instant specification. Additionally, the preamble of claim 13 has 
been rewritten for purposes of clarity. 

The preambles of claims 14 and 16 have been rewritten for purposes of clarity. 

Claim 18 and 19 are presently amended for purposes of clarity. Additionally, the 
preambles of claims 18 and 19 have been rewritten for purposes of clarity and to change 
'methods' to 'method 1 . 

The preambles of claims 20 - 23 have been rewritten for purposes of clarity and to 
change Methods' to 'method'. 

Claim 24 is presently amended for purposes of clarity and antecedent support. 
Additionally, the preamble of claim 24 has been rewritten for purposes of clarity and to change 
'methods' to 'method'. 

Claims 27 and 28 are presently amended for purposes of clarity and antecedent support. 
Additionally, the preamble of claims 27 and 28 have been rewritten for purposes of clarity and to 
change 'methods' to 'method'. 

Claim 31 is presently amended to rewrite the claim as further comprising adding a 
polymerization catalyst to the solvent. Support for the amendments to claim 31 may be found in 
at least paragraph [0026] of the instant specification. Additionally, the preamble of claim 31 has 
been rewritten for purposes of clarity and to change 'methods' to 'method'. 

Claim 32 is presently amended for purposes of antecedent support. 

The preambles of claims 33 and 34 have been rewritten for purposes of clarity. 
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I. Claim Rejections Under 35 U.S.C. § 1 12 

Claims 11, 12, 29 and 32 stand rejected under 35 U.S.C. § 112, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject matter which 
Applicants regard as the invention. Office Action item 3. 

/. 1 . Rejection of Claim 1 1 

The Examiner asserts that claim 1 1 is indefinite and questions 'how the recited elements 
relate to the functionalized carbon nanotubes.' 

Applicants have amended claim 10 and depending claim 11 in response to the 
indefiniteness rejection of claim 1 1. As amended, claim 10 recites that the functionalized carbon 
nanotubes comprise nucleation sites for a polymerization reaction, and the nucleation sites are 
deprptonated with a deprotonating agent to form initiator groups for the polymerization reaction. 
Claim 11, as amended, recites that the nucleation sites comprise at least one element selected 
from the ;group consisting of carbon, sulfur, oxygen and nitrogen. Applicants respectfully insert ; 
.^-v : '^t^pl&to 1 1 is not indefinite in view of the amendments to claims 10 and 11. Fiirtlier, 
?^^ibants respectfully submit that at least paragraphs [0027] and [0028] of the instaiit 
specification render claim 1 1 definite. For example, paragraph [0027] recites "carbon nanotubes 
functionalized with a species having nucleation sites operable for polymerization (such as 
species having carbon, sulfur, oxygen, and nitrogen sites for polymerization)". Paragraph [0028] 
recites "[treatment] with a deprotonation agent to deprotonate the nucleation sites to form 
initiator groups for polymerization." In further view of the specific examples presented at the 
end of paragraph [0027], Applicants respectfully assert that claim 1 1 is not indefinite, since one 
of ordinary skill in the art would recognize the invention described by the nucleation sites in 
claim 1 1 . 

In view of the foregoing remarks and amendments, Applicants respectfully request that 
the Examiner's rejection of claim 1 1 under 35 U.S.C. § 1 12, second paragraph, be withdrawn. 
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L2. Rejection of Claim 12 

The Examiner asserts that the recitation of NHBoc in claim 12 is considered indefinite. 
The Examiner questions 'What is Boc?\ Applicants respectfully traverse the rejection of this 
claim under 35 U.S.C. § 1 12, second paragraph, for at least the reasons set forth below. 

Applicants respectfully assert that the term Boc (also referred to as BOC or t-BOC) is 
well known in the art of synthetic organic chemistry and one of ordinary skill in the art would 
readily understand that which is being recited in claim 12. Boc represents a shorthand notation 
for a /-butoxycarbonyl group, which is commonly used as a protecting group for amino 
compounds. The Examiner is referred to http://en.wikipedia.org/wiki/Di-tert-butvl dicarbonate 
for a general discussion of BOC compounds, which presents evidence that this term is 
considered well known to those of ordinary skill in the art. 

As further evidence that Boc is synonymous with a /-butoxycarbonyl group and well 
Icnpwn to those of ordinary skill in the art, Applicants also present the reference S.D. Tarbell, et 
• a/., "New Method to Prepare N-t-Butoxycarbonyl Derivatives and the Corresponding Sulfur 
Analogs from dirt-Butyl Bicarbonate or di-t-Butyl Dithiol Dicarbonates and Amino Acid?", 
Proc Natl Acad. ScL, 69 (1972), pp. 730-732 as Appendix I of this response (see Pages Al - 
A3). In particular, Applicants call the Examiner's attention to the Abstract of this publication, 
where it is taught that the term r-butoxycarbonyl is synonymous with the term f-BOC. 
Therefore, Applicants respectfully assert that claim 12 is not indefinite, since one of ordinary 
skill in the art would recognize the invention described by CNT-C6H4-NHB0C in claim 12. 

In view of the foregoing remarks, Applicants respectfully request that the Examiner's 
rejection of claim 12 under 35 U.S.C. § 1 12, second paragraph, be withdrawn. 

L3. Rejection of Claim 29 

The Examiner asserts that the recitation of 'average chain length' in claim 29 is 
considered indefinite. In the interest of expediting prosecution, Applicants have cancelled claim 
29 and depending claim 30, rendering this rejection moot. 
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1.4. Rejection of Claim 32 

The Examiner asserts that claim 32 is indefinite for the recitation of TiCU\ The 
Examiner asserts that there is inadequate antecedent basis from the previous for this feature. 
Applicants respectfully traverse the rejection of this claim under 35 U.S.C. § 112, second 
paragraph, for at least the reasons set forth below. 

Applicants presume that the Examiner requires clarification of how the catalyst 
comprising TiCU is germane to the initiating step of an anionic or ring opening polymerization. 
Applicants respectfully assert that one of ordinary skill in the art would recognize that catalysts 
comprising TiCU are well known in the polymerization arts, particularly in Ziegler-Natta 
catalysts for alkene polymerization. The Examiner is referred to 

http://en.wikipedia.org/ / wiki/Ziegler-Natta catalyst for a general discussion of Ziegler-Natta 
catalysts and TiCU as a component of Ziegler-Natta catalysts. 

Applicants also submit supplemental references in Appendices II and III of this response, 
which show that catalysts comprising TiCU are well known in the art of anionic polymerisation 
and ring opening polymerization. In support of anionic polymerization, Applicants submit ;the 
reference N. Ashikari, et aL, "Polymerization of Propylene with Tin Tetraalkyl-Titknium 
Tetrachloride Catalyst", Bull. Chem. Soc. Japan, 34 (1961), pp. 767-770 as Appendix II of this 
response (see pages A4 - A7). Applicants particularly call the Examiner's attention to the first 
paragraph of the Discussion section (p. 770), which teaches that Ziegler catalysts give a cationic 
or anionic reaction depending on the catalyst composition. In support of ring opening 
polymerization, Applicants submit a portion of United States Patent 5,034,482 (hereinafter, 
Kohard), issued July 23, 1991, as Appendix III of this response (see pages A8 - Al 1). Support 
that Ziegler-type catalysts comprising TiCU find utility in ring opening polymerization may be 
found in Kohara in at least the Abstract; Column 2, lines 16-29; Column 3, lines 60 - 62; and 
Column 5, lines 11-16. Applicants respectfully submit that these references in combination 
provide sufficient evidence that TiCU is germane to the art of anionic polymerization and ring- 
opening polymerization and is well known to those of ordinary skill in the art. Therefore, 
Applicants respectfully assert that claim 32 is not indefinite, since TiCU is germane to anionic 
polymerization and ring opening polymerization and thus has proper antecedent support. 
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In view of the foregoing remarks, Applicants respectfully request that the Examiner's 
rejection of claim 32 under 35 U.S.C. § 1 12, second paragraph, be withdrawn. 

II. Claim Rejections Under 35 U.S.C. § 103 

Claims 1 - 34 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over WO 
02/060812 (herinafter, Tour) in view of United States Patent 3,554,992 (hereinafter, Lamb). 
Office Action item 5. Applicants respectfully traverse the rejection of these claims. 

Standard of Review 

The standard of review for obviousness is set forth as follows. "To establish prima facie 
obviousness of a claimed invention, all features must be taught or suggested by the prior art." In 
re Royka, 490 F.2d 981, 180 U.S.P.Q. 580 (C.C.P.A. 1974). Furthermore, "[^ejections on 
obviousness grounds cannot be sustained by mere conclusory statements; instead, there must be 
some articulated reasoning with some rational underpinning to support the legal conclusion of 
obviousness". KSRInt'lCo. v. Teleflex Inc., 127 S.Ct. 1727, 1741 (2007; citing with approval /n 
re Kahn, 441 F.3d 977, 988 (Fed. Cir. 2006). In addition, in issuing rejections under 35 U.S.C. § 
103(a), the Examiner must consider an invention and the prior art as a whole in accordance with 
the requisite Graham factual inquiries. MPEP § 2141; Ruiz v. A.B. Chance Co. 69 U.S.P.Q.2d 
1686, 1690 (Fed. Cir. 2004). 

Assertions by the Examiner 

With regard to claims 1, 2, 3 and 10, the Examiner asserts that Tour teaches SWNTs 
functionalized with an aryl chlorine-containing functionality. The Examiner also asserts that 
Tour teaches that halogenated SWNTs can participate in reactions with alkyl-lithium reagents via 
a Grignard reaction mechanism. The Examiner also asserts that Tour teaches that functionalized 
SWNTs can undergo polymerization, including anionic polymerization (claims 125 - 129 of 
Tour). The Examiner asserts that the feature 'operable for anionic or ring opening 
polymerization 1 recited in claim 10 is inherently possessed in Tour. With regard to claims 33 and 
34, the Examiner asserts that unless the recited intended uses result in a structural difference 
between the claimed invention and the prior art, then the prior art meets the claim if the prior art 
structures are capable of performing the intended use. 
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Although Tour does not teach the specific mechanism for preparing a polymer, the 
Examiner asserts that Lamb teaches using a Grignard reaction for initiating a polymerization 
process. The Examiner asserts that Lamb teaches specific types of monomers and various 
hydrocarbon and ethereal solvents for the polymerization process, including THF. The Examiner 
asserts that the precipitating method taught by Lamb would be recognized by one of ordinary 
skill in the art to be functionally equivalent to the terminating agents of claims 25 and 26. The 
Examiner asserts that the concentration and temperature variation of claims 26 and 27 are 
considered obvious since they apply to routine optimization. In view of the foregoing, the 
Examiner asserts that one of ordinary skill in the art would have been motivated to incorporate 
the specifics taught by Lamb into the teachings of Tour to obtain the claimed invention. 

Regarding the 'deprotonating agent 1 of claims 14 and 15, the Examiner repeats the 
assertion that asserts that Tour teaches that halogenated SWNTs can participate in reactions with 
an alkyl-lithium reagent via a Grignard reaction mechanism. The Examiner also repeats the 
assertion that Tour teaches that functionalized SWNTs can undergo various polymerizations, 
including anionic polymerization. The Examiner asserts that the minor variation of reaction 
conditions in claims 27 and 28 is considered obvious, in view of the expectation of success of 
developing a polymerization process using halogenated SWNTs. 

Applicant's Characterization of Tour and Lamb 

Applicants respectfully assert that the Examiner has mischaracterized the teachings of 
both Tour and Lamb, and in doing so has failed to demonstrate a prima facie case of obviousness 
of Applicants 1 claims. 

Applicants respectfully traverse the Examiner's position that Tour teaches a reaction of 
halogenated SWNTs with an alkyl-lithium reagent via a Grignard reaction mechanism. 
Applicants respectfully assert that Tour teaches a reaction, of fluorinated nanotubes with strong 
nucleophiles, such as alkyl lithium reagents (see Tour, page 2, lines 13-14). As such, 
Applicants respectfully assert that the reaction taught by Tour is a nucleophilic substitution 
reaction in which fluorine is displaced by a strong nucleophile, the alkyl lithium reagent. 
Evidence to this effect may be found in United States Patent 6,827,918, issued December 7, 
2004, (hereinafter, Margrave), a portion of which is included as Appendix IV of this response 
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(see pages A12 - A16). The reaction of fluorinated carbon nanotubes with an alkyl lithium 
species is taught by Margrave to be a nucleophilic substitution reaction in at least the Abstract; 
Column 4, lines 1 - 18; Column 14, lines 51 - 66, and Column 17, line 58 through Column 19, 
line 6. 

Applicants respectfully traverse the Examiner's position that Lamb teaches using a 
Grignard reaction for initiating a polymerization process. Applicants respectfully assert that 
Lamb teaches using a Grignard complex mounted on a solid support, which has a formula 
RXMg(hal) (see Lamb, Column 2, lines 1 - 6). Lamb specifically teaches that the Grignard 
complex is formed by the reaction of a Grignard reagent (R'Mgflial)) with an olefinic oxide or 
compound containing an unsaturated linkage (see Lamb, Column 2, lines 8-15). For example, 
Lamb teaches reactions of Grignard reagents with nitriles, nitroso compounds, aldehydes, 
ketones, esters, inorganic compounds and olefinic oxides to form the Grignard complex (see 
Lamb, column 2, lines 25 - 66). Applicants respectfully assert that the Grignard complex taught 
by Lamb is no longer an organometallic compound containing a carbon-metal bond, but is 
instead a simple salt containing a magnesium cation and an anion of an organic addition product. 
Therefore, Applicants respectfully assert that Lamb does not teach a Grignard reaction for 
initiating a polymerization reaction as asserted by the Examiner. 

Applicants provide a reference from Morrison, et al, "Organic Chemistry", 5th edition, 
Boston: Allyn & Bacon, Inc., 1987, p. 655 as Appendix V of this response (see page A- 17) 
attesting to the fact that the Grignard complex taught by Lamb is a simple salt. For example, 
Lamb teaches that Grignard complexes are formed by a reaction between a Grignard reagent and 
aldehydes or ketones (see Lamb, column 2, lines 39 - 49). Section 17.15 of the reference 
presented in Appendix V clearly shows that the product of a reaction between a Grignard reagent 
and an aldehyde or ketone is a simple salt containing a magnesium cation and an oxygen anion. 
Similar simple salts are formed in the formation of the other Grignard complexes taught in Lamb. 

In summary, Tour teaches a nucleophilic substitution reaction of fluorinated carbon 
nanotubes with alkyllithium reagents to form alkylated carbon nanotubes. There is no formation 
of a polymerizable species such as an aryl-lithium species, an aryl-metal species or a 
deprotonated species in this reaction. Likewise, Tour does not teach using an aryl-lithium 
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species, an aryl-metal species or a deprotoned species in anionic or ring-opening polymerization. 

Further, Lamb does not teach a Grignard reaction for initiating a polymerization process, since 

Lamb reacts a Grignard reagent with an olefinic oxide or compound containing an unsaturated 

linkage to form a Grignard complex. After the reaction to form the Grignard complex in Lamb, 

there is no longer organometallic compound having a carbon-metal bond available to initiate 

polymerization. 

Independent Claim 1 is Not Obvious 

Applicants respectfully assert that independent claim 1, as amended, is not obvious, since 
Tour and Lamb fail to teach or suggest all features of this claim as is required to establish 
obviousness. As amended, step c) of claim 1 recites that 'at least one reagent reacts with the 
functionalized carbon nanotubes to form a polymerizable species'. Further, step c) of claim 1 
requires that the polymerizable species is selected from the group consisting of an aryl-lithium 
species, an aryl-metal species, and: initiator groups. In addition, step c) of claim 1 requires that 
the initiator groups are formed by deprotonation of nucleation sites on the functionalized carbon 
nanotubes. ^ 

As discussed hereinabove, Applicants respectfully assert that Tour does not teach or 
suggest the reaction of at least one reagent with functionalized carbon nanotubes to form a 
polymerizable species, as required by claim 1, since Tour teaches a nucleophilic substitution 
reaction of fluorinated carbon nanotubes with an alkyllithium reagent. The nucleophilic 
substitution reaction of Tour is not germane to a polymerizable species selected from the group 
consisting of aryl-lithium species, aryl-metal species and initiator groups, as is now required by 
Applicants 1 claim 1. Although claims 125 - 129 of Tour reference anionic and ring-opening 
polymerization, Tour does not teach or suggest adding any of the reagents in claim 1 steps c)(i), 
c)(ii) or c)(iii) to form a polymerizable species. Hence, Tour does not teach or suggest a reaction 
between a monomer and a polymerizable species, wherein the polymerizable species is selected 
from the group consisting of an aryl-lithium species', an aryl-metal species and initiator groups. 

Furthermore, Applicants respectfully assert that since Lamb does not teach or suggest use 
of a Grignard reagent in anionic polymerization, Lamb cannot teach or suggest a Grignard 
reaction for initiating a polymerization process, as is asserted by the Examiner. Accordingly, 
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Applicants respectfully assert that there is no motivation to combine Lamb with Tour, since the 

species for initiating polymerization are not the same. The standard of review for establishing a 

motivation to combine references is set forth as follows: 

"A rationale to support a conclusion that a claim would have been obvious is that 
all the claimed elements were known in the prior art and one skilled in the art 
could have combined the elements as claimed by known methods with no change 
in their respective functions, and the combination would have yielded nothing 
more than predictable results to one of ordinary skill in the art." M.P.EJP. § 
2143.02. Although "[ojbviousness does not require absolute predictability... at 
least some degree of predictability is required." Ibid, 

In the instant case, since Lamb teaches the use of a Grignard complex (a simple salt) for 
catalyzing a polymerization reaction, there is no motivation to combine Lamb with Tour since 
there would be no way for one of ordinary skill in the art would to predict that the Grignard 
complex of Lamb would react with the functionalized carbon nanotubes of Tour. In fact, 
Applicants respectfully assert that the Examiner's suggestion to combine Lamb with Tour would 
instead result in a, combination that would be inoperative for the polymerization reaction of claim 
• i; 

In summary, Tour and Lamb do not teach or suggest all of the limitations of Applicants 1 
claim 1, as this claim presently stands amended. Furthermore, there is no motivation to combine 
Lamb with Tour. Hence, Applicants respectfully assert that claim 1 is not obvious under 35 
U.S.C. § 103(a). Applicants therefore respectfully request that the Examiner's rejection of claim 
1 under 35 U.S.C. § 103(a) be withdrawn. 

Independent Claim 2 is Not Obvious 

Applicants respectfully assert that independent claim 2, as amended, is also not obvious, 
since Tour and Lamb fail to teach or suggest all features of this claim as is required to establish 
obviousness. As amended, step c) of claim 2 recites that f the alkyllithium species reacts with the 
aryl halide functionalized carbon nanotubes to form an aryl-lithium species comprising aryl- 
lithium bonds'. Further, step e) of claim 2 recites that the polymerization reaction occurs 
between the monomer and the aryl-lithium species. 

As discussed hereinabove, Applicants respectfully assert that Tour does not teach or 
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suggest an aryl-lithium species or a polymerization reaction between a monomer and an aryl- 
lithium species, as required by claim 2, since Tour teaches a nucleophilic substitution reaction of 
fluorinated carbon nanotubes with an alkyllithium reagent. Therefore, the nucleophilic 
substitution reaction of Tour is not germane to formation of an aryl-lithium species, as is now 
required by Applicants 1 claim 2. Although claims 125 - 129 of Tour reference anionic and ring- 
opening polymerization, Tour does not teach or suggest adding an alkyllithium species to 
functionalized carbon nanotubes to form an aryl-lithium species for initiating a polymerization 
reaction. 

Applicants respectfully assert that since Lamb does not teach or suggest use of a Grignard 
reagent in anionic polymerization, Lamb does not teach or suggest a Grignard reaction for 
initiating a polymerization process, as is asserted by the Examiner. Accordingly, Applicants 
respectfully assert that there is no motivation to combine Lamb with Tour, since the Grignard 
complexes taught by Lamb are not germane to formation of the aryl-lithium species recited in 
Applicants' claim 2, and the species for initiating polymerization are not the same. Applipants 
respectfully assert that there would be no way for one of ordinary skill in the art to predict that 
• the Gri gnard complex of Lamb would react with the functionalized carbon nanotubes of Tour. In 
fact, Applicants respectfully assert that the Examiner's suggestion to combine Lamb with Toyr 
would instead result in a combination that would be inoperative for the polymerization reaction 
of claim 2. 

In summary, Tour and Lamb do not teach or suggest all of the limitations of Applicants' 
claim 2, as this claim presently stands amended. Furthermore, there is no motivation to combine 
Lamb with Tour. Hence, Applicants respectfully assert that claim 2 is not obvious under 35 
U.S.C. § 103(a). Applicants therefore respectfully request that the Examiner's rejection of claim 
2 under 35 U.S.C. § 1 03(a) be withdrawn. 

Independent Claim 3 is Not Obvious 

Applicants respectfully assert that independent claim 3, as amended, is also not obvious, 
since Tour and Lamb fail to teach or suggest all features of this claim as is required to establish 
obviousness. As amended, step c) of claim 3 recites that 'the metal reacts with the aryl halide 
functionalized carbon nanotubes to form an aryl-metal species comprising aryl-metal bonds'. 
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Step e) of claim 3 recites that the polymerization reaction occurs between the monomer and the 
aryl-metal species. 

As discussed hereinabove, Applicants respectfully assert that Tour does not teach or 
suggest an aryl-metal species or a polymerization reaction between a monomer and an aryl-metal 
species, as required by claim 3, since Tour teaches a nucleophilic substitution reaction of 
fluorinated carbon nanotubes with an alkyllithium reagent. Therefore, the nucleophilic 
substitution reaction of Tour is not germane to formation of an aryl-metal species comprising 
aryl-metal bonds, as is required by Applicants' claim 3. Although claims 125 - 129 of Tour 
reference anionic and ring-opening polymerization, Tour does not teach or suggest adding a 
metal to form an aryl-metal species having aryl-metal bonds for initiating a polymerization 
reaction. 

Applicants respectfully assert that since Lamb does not teach or suggest use of a Grignard 
reagent in anionic polymerization, Lamb does not teach or suggest a Grignard reaction for 
initiating a polymerization process, as is asserted by the Examiner. Accordingly, Applicants 
respectfully assert that there is no motivation to combine Lamb with Tour, since the Grignard 
complexes taught by Lamb are not germane to formation of the aryl-metal species recited in 
Applicants' claim 3, and the species for initiating polymerization are not the same. Applicants 
respectfully assert that there would be no way for one of ordinary skill in the art to predict that 
the Grignard complex would react with the functionalized carbon nanotubes of Tour. In fact, 
Applicants respectfully assert that the Examiner's suggestion to combine Lamb with Tour would 
instead result in a combination that would be inoperative for the polymerization reaction of claim 
3. 

In summary, Tour and Lamb do not teach or suggest all of the limitations of Applicants' 
claim 3, as this claim presently stands amended. Furthermore, there is no motivation to combine 
Lamb with Tour. Hence, Applicants respectfully assert that claim 3 is not obvious under 35 
U.S.C. § 103(a). Applicants therefore respectfully request that the Examiner's rejection of claim 
3 under 35 U.S.C. § 103(a) be withdrawn. 
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Independent Claim 10 is Not Obvious 

Applicants respectfully assert that independent claim 10, as amended, is also not obvious, 
since Tour and Lamb fail to teach or suggest all features of this claim as is required to establish 
obviousness. As amended, step c) of claim 10 recites 'adding a deprotonating agent to the 
solvent, wherein the deprotonating agent deprotonates the nucleation sites to form initiator 
groups*. Step e) of claim 10 recites that that polymerization reaction occurs between the 
monomer and the initiator groups. 

As discussed hereinabove, Applicants respectfully assert that Tour does not teach or 
suggest a deprotonating agent, deprotonation of nucleation sites to form initiator groups or a 
polymerization reaction between a monomer and initiator groups, as required by claim 10, since 
Tour teaches a nucleophilic substitution reaction of fluorinated carbon nanotubes with an 
alkyllithium reagent. Therefore, the nucleophilic substitution reaction of Tour is not germane to 
formation of an initiator group, as is required by Applicants' claim 10. Hence, initiator groiips 
are neither taught, either expressly or inherently, in Tour. Although claims 125 - 129 of Tpur 
reference anionic and ring-opening polymerization, Tour does not teach or suggest deprptonation 
of nucleatipn sites of fimctionalized carbon nanotubes to form initiator groups for initiating a • >-U 
polymerization reaction. 

Applicants respectfully assert that since Lamb does not teach or suggest use of a Grignard 
reagent in anionic polymerization, Lamb does not teach or suggest a Grignard reaction for 
initiating a polymerization process, as is asserted by the Examiner. Accordingly, Applicants 
respectfully assert that there is no motivation to combine Lamb with Tour, since the Grignard 
complexes taught by Lamb are not germane to formation of the initiator groups recited in 
Applicants' claim 10. Specifically, Applicants' claim 10 requires a deprotonation in step c). 
Lamb expressly requires an addition reaction of a Grignard reagent to an olefinic oxide or 
compound containing an unsaturated linkage to form a Grignard complex . Since Lamb expressly 
requires an addition reaction of the Grignard reagent, it is inherent that Lamb cannot teach 
deprotonation, since an initiator group is merely a deprotonated nucleation site. In other words, 
since Lamb requires an addition reaction, Lamb does not teach a simple deprotonation to form an 
initiator group, as a new group is formed as a result of the addition reaction. Further, Lamb does 
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not teach or suggest a polymerization reaction between a monomer and ah initiator group as is 
required by step e) of claim 10, since Lamb inherently does not teach initiator groups. 

In summary, Tour and Lamb do not teach or suggest all of the limitations of Applicants 1 
claim 10, as this claim presently stands amended. Furthermore, there is no motivation to 
combine Lamb with Tour. Hence, Applicants respectfully assert that claim 10 is not obvious 
under 35 U.S.C. § 103(a). Applicants therefore respectfully request that the Examiner's rejection 
of claim 10 under 35 U.S.C. § 103(a) be withdrawn. 



Dependent Claims 4-9, 11-29 and 32 - 34 are Not Obvious 

Applicants respectfully assert that independent claims 1 - 3 and 10 are allowable in view 
of the remarks and amendments presented hereinabove. Claims 4 - 9, 1 1 - 29 and 32 - 34 
depend either directly or indirectly from allowable claims 1 - 3 and 10 and are patentable for at 
least the same reasons. In re Fine, 837 F.2d 1071, 5 U.S.PQ.2d 1596 (Fed. Cir. 1988). 
Therefore, Applicants respectfully request that the Examiner's rejection of dependent claims :4 : :- 
9, 1 1 - 29 and 32 - 34 under 35 U.S.C. § 103(a) be withdrawn. 



Claims 1 - 28 and 31-34 remain pending in the application. Applicants respectfully 
submit that claims 1 - 28 and 31 - 34, as these claims presently stand amended, are in a 
condition for allowance based on the remarks presented hereinabove. 

If additional fees are due and are not included, the Director is hereby authorized to charge 
any fees or credit any overpayment to Deposit Account Number 23-2426 of Winstead PC 
(referencing matter 1 1321-P068WOUS). 

If the Examiner has any questions or comments concerning this paper or the present 
application in general, the Examiner is invited to call the undersigned at 713-650-2782. 



CONCLUSIONS 
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Respectfully submitted, 
WINSTEAD PC 
Attorney/Agents for Applicant 

Date: March 16. 2009 



By: /Robert C. Shaddox/ 

Robert C. Shaddox, Reg. No. 34,01 1 
Sarah S. Bittner, Ph.D., Reg. No. 47,426 
Farhang Amini, Ph.D., Reg. No. 59,412 



P. O. Box 50748 
Dallas, Texas 75201 

Tel: 713.650.2764 
Fax: 214.745.5390 
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New Method to Prepare iV^Butoxyearbonyl Derivatives and the 
Corresponding Sulfur Analogs from di-f-Bntyl Bicarbonate or 
di-f*Butyl Dithiol Dicarbonates and Amino Acids 

(blocking groups/pcptide synthesis) 

D. STANLEY TARBELL, YUTAKA YAMAMOTO, AND BARRY M. POPE 

Department of Chemistry, VanderbOt University, Naahville, TtnaesftM 37203 
Contributed by D> Stanley Tarbdi, January f7, 1978 



ABSTRACT Di-t- butyl dlearbonate and od« of its 
dithiol analogs* practical method* of preparation for 
which arc given, react with amino-«cW enters to form the 
/V-t~butoXycarbonyl (e-BOC) derivatives and the thiol 
analogs in good yield under mild conditions. The thiol 
analogs are stable to acidic condition*, which rapidly re* 
move the UBOC group itself. t-Butyl trimethybllyl car* 
bonoie forms a (CH»)iSi ether from a W-thioUe-BOC serine 
methyl ester. The /V-thiol-t-BOC group can he removed 
from the — NHCOSR (R - t-butyl) by heating with per- 
oxide-acetic acid. 

Action of the dicarbonates described above has not been 
attended by racecnixstion in the cases examined. The two 
dicarbonates may be useful as agenU for seletdve blocking 
and deblocking of amino or other groups. 

Recent studies (1> 2) in this laboratory have made the try- 
carbonates 1 and 2 readily available. From them, without 
isolation of the tricarbonates if desired, the corresponding 
dicarbonaies 3 and 4 are readily prepared by treatment with 
tertiary amines or by mild heating (3); 

o o o o o 

RX&^bllXR^ RxfcixR + CO* 

1, X « O 3, X « O 

2. X - S 4, X - 8 
R « M>iityl 

The ready availability of the sulfur and oxygen dicarbon- 
ates (for nomenclature, see ref. 2.) suggested that their be* 
havior with cr-amino acids should be studied, because the ex- 
pected reaction (4/5) would lead to the J-butoxycarbonyl 
(trBQC) derivatives, or their sulfur analogs (thidl^BOC) ; the 
frBOC group is a standard protecting group for the amino 
group in peptide syntheses. The reaction of 3 and 4 should 
allow synthesis of such derivatives under mild conditions, and 
might have useful applications in selective alteration of en- 
symes or proteins. 

The expected reaction (4, 5) took place readily; the amino- 
acid ester hydrochloride was usually used, neutralised with 
bicarbonate, and heated briefly in tetrahydrofuran (THF) or 
chloroform to give the product in good yield. Free glycine was 
also used successfully. 

0 0 OR' 

RX <WlxR + R'CHCOOR' — RX(!—NH AiiOOOR' 
3 f X m O V T „ R - t-butyl 

^X-S «Hi 0,X = O;7,X-S 

R - t-butyl 5 

Some of the derivatives prepared in model studies are 
shown in Table 1. 

The advantage of Uie t-BOC group in peptide syntheses lies 
in its rapid removal, by mild acid, presumably via alkyl- 

Abbreviations: THF, teUahydrofiiran. 



oxygen cleavage and a carbohium km mechanism. The thiol 
analogs 7, however, as would be predicted from much work in 
this and other laboratories (see ref 1 for references), are stable 
to acid conditions, such as formic acid or CFiOOOH, that 
cleave the t-BOC group completely. The thiol analog 7 can be 
cleaved by Kollonitsoh's (6) method with peracids, without 
racemisatkm. 



HA 




CHfxxm 



NH008R 



i/Tyr methyl ester, of unchanged rotation. 
This difference in rate of cleavage ;by acid between the 
oxygen and sulfur analogs 6 and 7 might ailow preferential 
blocking of amino groups in complex molecules. 

The yield of isolated material in Table 1 was usually high, 
although some of the t-BOC derivatives 6 (as esters) were diffi- 
cult to purify. With 1 mol of dkarbonate, no diacylated mate- 
rial was obtained from serine or tyrosine. The trimethyisilyl 
ether of the serine thiol d^vatrve was prepared as below (7). 
HOCHiCHOOOMe |.+ R0Q0OK(CH,)» 

7e AhCOSR 

R i-butyi 

(CHi)i8KK3]EUGHC!00Me 

w iracoeR 

Tests of acidic hydrolysis of tf-4-BOC methyl ester of 
Tyr showed no appreciable race miration during the process. 

It is well known that the diethyl analog S of 3, usually 
called diethyl pyrocarbonate, reacts with various exurymes, 
proteins <8), and with adenosine and adenine (9). Whether 
O O 

RO&ofipR 8, R « Bt. 

differences in reactivity of 8, 3 , and 4 with amino or other nu- 
cleophilic groups and differences in their relative rates of re- 
moval will make these 4-butyl dicarbonates 3 and 4 useful 
reagents remains to be seen* 

We have also made the mixed oxygen-sulfur dicarbonate 
9; its reactions with nucleophiles are being investigated, 
O O 

RsloApR 9, R - frbutyl 

Modified procedure fur pre pa ration of a% t-butyl 
triearbonate (1) and di-f -butyl dicarbonate (3) ref. 1 
Potassium t-butoxide (44,8 g, 0.4 mol) was dissolved in 550 ml 
of freshly distilled THF at room temperature, Dry CO, 
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was passed through the solution, which was cooled with an 
ice-salt bath (—15 to about —20°) with vigorous stirring for 
30 min. A solution of about 20 ml of phosgene in 85 ml of 
benzene was added drop wise. The reaction mixture was 
stirred for an additional hour, while the bath temperature was 
maintained at —15° to about -20°. Dry nitrogen was bub- 
bled into the cold solution for 45 min. 

The resulting solution was evaporated to about 100 ml in a 
rotary evaporator under reduced pressure by a rotary pump, 
while being kept below 0°. 

The precipitate was removed by suction filtration through 
a fritted -glass filter funnel of medium porosity, which had 
previously been cooled with ice-cold pentane: The precipitate 
was washed with pentane and the solution was completely 
evaporated at a temperature below 0° in a rotary evaporator 
under reduced pressure by a rotary pump to give 83.7 g 
(64.1%) of colorless n ne sol id of 1 . 

In 75 ml of CCU, 20 g of unrecrystallised tri carbonate was 
dissolved, and 0.1 g of freshly sublimed 1,4-diaxobicyclo- 
(2.2,2 Joctane (Dabco) was added. This mixture was stirred at 
room temperature for 45 min, then the solvent was evaporated 
by a rotary evaporator. 

After the Dabco was removed by sublimation, the solution 
was distilled to give 14. S g (89%) of di-^butyl decarbonate, 
bp 50-61 ° (0.3 mm) f whose spectroscopic properties agreed 
with reported values (1), ' 

Modified prooedu re for preparation of di-t-batyl 
dithiol dicarbonate (4) via dUC-lmtyl dithiol 
trtearbonate (2) 

Sc^um hy^ was 
washed with three 50-ral portions of TKF and expended 
in 250 m I of THF. A solution of 9 g pf i-biityl ; mercaptan 
in 30 ml of the same solvent was added dropwise with stirring; 
the resulting mixture was refluxed for 1 hr and cooled with an 
ice-salt bath (—15° to about — 20?). Dry carbon dioxide was 
passed into the mixture for 30 min with vigorous stirring. A 
solution of about 9 g of phosgene in 25 ml of benzene was 
added dropwise. The reaction mixture was stirred for an ad- 
ditional 30 min, while the bath temperature was maintained 
at -15° to about -20°. The NaCl was removed by filtration 
as before, the filtrate and washings were completely removed 
by evaporation with an oil pump, and the resulting oily bi- 
carbonate was heated at a bath temperature of 85-90° until 
evolution of CO* ceased. DfctiUation gave 8.9 g (71%, overall, 
from the mercaptan) of material, bp 82-83° (0.5 mm) with 
the spectroscopic properties previously reported for the 
dithiol di carbonate 4. 

/V-t-BOC glycine ethyl ester (6a) 

A typical preparation of compounds in Table lA follows. 
Glycine ethyl ester hydrochloride (1.395 g, 0.01 mol) was sus- 
pended in 20 ml of chloroform, and 0.84 g (0.01 mol) of Na- 
il CO* in 15 ml of HsO was added. Sodium chloride (2 g) was 
added, and then 2.18 g (0.01 mol) of di-M)utyt dicarbonateS 
dissolved in a few milliliters of CHCU; the mixture was refluxed 
for 90 min. After the solution cooled, it was separated, and the 
aqueous layer was extracted with CHCU; the CHCU solution 
was dried and evaporated at room temperature. The color- 
less product was then distiUed at lMrl05° (O.lo mm), to give 
1.8 g (89%) of tfH^butoxycarbonyi glycine ethyl ester (6a), 
The IR spectrum (CC10- showed -NH stretch at 3440 cm- 1 
and carbonyl bands at 1725 and 1745. The NMR spectrum 



Preparation of f-BOC Derivatives 731 

(OCWinppm: 1.27 & 3H); 1.45 (s, 9H); 3.8 (d, 2H); 4.17 
(q, 2H); 5.67 (t, IH), in satisfactory agreement with the re- 
ported values (ref . e, Table 1). 

As an example of other analytical data for Table \ A, N-4- 
BOC Mterise methyl ester (6c) may be quoted. It showed IR 
(CCU) 3306-3550 (OH and NH), 1750 and 1730 (0=0), and 
NMR <CCI«) at 1.43 (s, 9H) ; 3.73 (s, 3H) ; 3£hM (m, 4H) and 
5.9 (d, IH). Anal. Caled. for CffnNO*: C, 49.30; H, 7.82: 
Found: C r 49.15; H, 8.00. 

Action of trifluoroacetlc add -H*0 on /V-t-BOC 
tyrosine methyl ester (6t) 

The AT-f-BOC compound 6f (0.3023 g) was allowed to stand in 
a mixture of 15 ml of CFtCOOH and 5 ml of HiO for 16 min at 
room temperature; the solution was then evaporated, neu- 
tralised with 3% NH/)H, saturated with NaCl, and ex- 
tracted with CHCU. The CHCU layer was dried and evap- 
orated under reduced pressure to give 0.1995 g (82.8%) of 
white solid. The solid was imys^Iiaed from ethyl acetate 
and has a mp of 134~135°C; it showed no depression of melting 
point in a mixture melting point with authentic ^tyrosine 
methyl ester. The Jopp for the tyrosine methyl ester recov- 
ered from -the tf^BOC derivative, as aJboye, was «f 26\9° 
(C .*» iaa, CH/)H); the starting material, before treatment 
with the dicarbonate, showed fa]**b + 26 5° (C - 233, 
CH*OH). 

iY-Thiol-t-BOC L-tymine methyl ester (7c). Method A 
To a solution of 2.5 g (0.01 mol) of di-t-butyl dithiol dicar- 
bonate in 10 ml of THP was added a solution of IM g 
(0.01 mop of i^rosine methyl ester in the same solvent with 
stunngat room temperature ^Tyrosine ester gradually re- 
acted, evolution of gas was observed, and the reaction mix- 
ture was refluxed for 30 min. Removal of solvent under re- 
duced pressure gave a viscous oil, which was crystallised by 
washing with petroleum ether. Recrysfcallization from ben* 
sene (about 25 ml of benzene solution was concentrated to 
about 10 ml) gave 24 g of colorless crystals, mp 110~112°C. 
Concentration of the mother liquors and addition of cycto- 
hexane yielded 0.4 g more of the same crystals; total amount 
of crystals was 2.8 g (90%). The properties were IR (CCU); 
1745, 1670 cm"'; NMR (CCU) 1.50 (Miutyl protons). Anal. 
Calcd. for CH«N0«8: C, 57,36; H, 6.80. Found: C, 
57.97; H, 6.71. 

iV-thloUt-BOC L-aerlne methyl eater (7e), Method B 
irSerine methyl ester hydrochloride (1.55 g) was dissolved in 
HjO containing 1 eq of NaHCO*. Di-*-butyi dithiol dicar- 
bonate (2.5 g), and enough alcohol to form a homogeneous so- 
lution, were added. The reaction was kept at room tempera- 
ture for several hours and concentrated under reduced pres- 
sure. The resulting solution was saturated with NaCl, and 
extracted with CHCU, the CHCU layer was dried, and solvent 
was evaporated under reduced pressure. The viscous liquid 
obtained had reasonable IR and NMR spectra for structure 
6c, but decomposed on attempted distillation, apparently to 
form a 2-oxooxasolidine with loss of (CHOsCSH. 

The crude 7e (1.7 g) was silylated to the O-trimethylsilyl 
compound 71 by heating at 95-100°C (bath temperature) for 
16 hr with stirring with 4.6 g of frbutyl trtmethylsilyi car- 
bonate (7). The reaction mixture was evaporated with an 
aspirator. Distillation gave 1.6 g of the O-eilylated compound 
% [71%, bp 112-113°C (0;35 mm) J. The properties were IR 
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Table 1. 

O R' 

it. RoIjNH—AhCOOR'. Prepared from the rHcarbonate 3. 
R - (-butyl 



Com- 








pound 


Amino acid 


R' 


Charactertfation* 


6e 


Gly 


Et 


o, 0, «, known 


6b 


n-Try 


Et 


a, b,c,g 


6c 




Me 


0,&,C 


6d 




Et 


a,*, c 


6c 




CH«CHt 


a, o, e 


6f 


b-Tyr 


Me 


a, b t a\f, known 


6g 


4-OH-i^Pro 


Et 


a, 6, c 
o, 6, e 


6h 


b-Ala 


Me 

0 R' 



mp (solvent) or bp (mm) 



104- 105(0.15) 
166-168 (CHCU) 
128(0.35) 
97(0.2) 
136(0.35) 

105- 106 (CJtttt) 
142 (0.35) 
60(0.03) 



B. 



COOR'. Prepared from the Di carbonate 4. 
R m (-butyl 



No. 



Amino acid 



R* 



Characterisation 



mp (solvent) or bp (mm) Method 



7a Gly 

7b Gly 

7e i^Tyr 

7d L»His 

7e x^Ser 

7! (CH,),SiOCHrCHCOOH 



H u t b,c 

Et a, 6, c 

Me a, b, c, d, no O-acytation 

Me o, 6, c, JV-a ? iV-im derivative 

Me Purified through sUyl derivative 

Me o,b,e 



120-130 (CHCU) B 

113-114(1.1) A 

110-112 (CJHt) A 

98-99. 5 (EtOH-HiO) B 

113-113 (0.35) 



♦ (o) Correct NMR spectrum; (6) correct IR spectrum; <c) correct elemental analysis; (d) hydrolysis to irTyr methyl eater; («) spectra 
(IR and NMR) agree with tho« of TwbeU/ D. S. cVInsalaco, M. A. (1967) Proc NaL Acad. So. USA 57, 233-235; </) Schrader, E. 
(1968) Amialen 670; 133;^ reports mp of 102-104°C; (ff) Iselin, B. & Schwyser, R. (1981) HH*. Ckim. Ada 44, 171; mention, but do not 
characterise, this oompound. 



(liquid film) 3340 cm"* (~NH); 1750, 1670 (CM)). The 
NMR (CCU, ppm): 0.92 (a, 9H); 1.65 (a, 9H); 3.74 (a, 3H); 
3,80 (m, 2H); 4.95 (m, 1H); 5.9 (broad, 1.H, KH). Anal, 
CaJcd, for C»H»NO«SSi: C, 46*7; H, 8.19; N, 4.56. Found: 
C, 46.71 ;H,&00;N, 4.47. 

W-ThloI-t-BOC glycine from the free amino acid 

A mixture of di-tf-outyl di thiol dicarbonate (1.7 g) and glycine 
(0.5 g) in THF-HrO (2:1, v/v) was refluxed for 18 hr. 
Treatment of the reaction mixture by method B gave 0.95 g 
(79%) of Atohiol4.BOC glycine, mp 12M30°C (from CHCU). 
The properties were: IR (CHCU), 3400-2550 cm" 1 (broad, 
-NHandCOOH); 1730, 1660 (0*0); NMR (CHCU); 1.51 
(a, 9H); 4.06 (d, J » 5.5, 2H); 8.10 (broad, 1H, NH); 10.05 
(s, 1H, OOOH). Anal. Calcd. for CHuNOjS: C, 43,97; H, 
6.85, Found: C, 44.10; H, 6.71. 

Acidic removal of tf- thiol- t-BOC group from 
VV-thiol-t-BOC L-tyrwdne methyl ester (7c) 

This compound was unchanged by treatment with formic 
acid or by CFiCOOH-HrO, under conditions that remove the 
fcBOC group. 

ff-thioU-BOC ^tyrosine methyl ester (7c) (0.2 g) was dis- 
solved in a mixture of acetic acid (2 ml) and 30% HrO s (1 ml). 
The solution was gently refluxed for 30 min and evaporated on 
a steam bath under reduced pressure. The resulting reddish- 
brown oa was cooled with ice and made basic with 3% 
NH«0H. The solution was saturated with NaCl and extracted 



with CHCU; the CHCU layer was dried and evaporated under 
reduced pressure. Solid (50 mg) was obtained. A sample re- 
crystallized from EtOAc melted at 134-1 36°C and showed no 
depression of melting point in mixture with an authentic 
sample of ^tyrosine methyl eater; the IR spectrum and the 
optical rotation were identical with an authentic sample, in- 
dicating no racemiaation during formation or removal of the 
i\Mhk>l-*-BOC group. 

This work was supported by Grant GP-15795 from the Na- 
tional Science Foundation and by Grant AI-08424 from the Na- 
tional Institutes of Health. 
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Polymerization of Propylene with Tin Tetraalkyl-Titatuum 
Tetrachloride Catalyst 

By Nobuyuki Ashikari and Masakazu Honda 
(Received November 19, I960) 



Many studies'* on the catalyst for preparing 
polypropylene have been performed, since Nana 
obtained the polypropylene having high molec- 
ular weight and high stereoregularity. On the 
polymerization of propylene using tin tetra- 
alkyl as a catalyst component, only a Du Pont 
patent 0 has been known. However, the des- 
cription is so brief that the details are not 
explained. From our preliminary experiments 
of the polymerization of propylene using tin 
tetraalkyl in combination with titanium tetra- 
chloride, titanium trichloride, dichlorodiaikyl 
titanate, or tetraalkyl titanate, it was found 
that the effective catalyst was only the complex 
comprising titanium tetrachloride as a com- 
ponent. Moreover, when the catalyst was used 
as soon as the two components were mixed, 
the polymer produced thereby contained a 
greater part of low polymer. Accordingly, the 
polymerization in this study was performed con- 
sidering the adequate times for the production 
of the complex. 

Experimental and Results 

Reaction between Tin Tetraalkyl and Titanium 
TetrachJerlde^Thc reaction between tin tetraalkyl 
and titanium tetrachloride does not proceed very 
last, and so prolonged reaction times are required 
for the completion of the complex. The reaction 
rate depends, of course, upon the reaction tempera- 
ture, the length of alkyl chain in the tin let raalkyh 
and the ratio of the catalyst components. Besides, 
the presence of a solvent will affect the reaction 
rate. However, the catalyst preparation in this study 
was performed without solvent, because the 
presence of the solvent makes the end-point of 
reaction obscure. 

When i he catalyst is prepared in a solvent with- 
out vigorous stirring, the product precipitates at 
the bottom of the vessel as an adhesive mass which 
can not be easily dispersed into the solvent. 
Generally, if the ratio of the two components 
deviates greatly from unity, both components still 
remain in liquid form after the reaction ts over. 
Therefore, in this case, the end-point of reaction is 
not clear. .On the other hand, when the ratio is 
about 1.0, the whole becomes solid exhibiting a 
comparatively apparent end-point. Therefore, the 



1) For example, G. Natta. I. Pasquon and E. Glurheiu, 
Angtw. a»m. t «9. 113 (1957). 

2) E. I. Du Pont dc Nemouri & Co., Bru. Pat. 777538 
<Jonc 26, 1957). 



100r 




Temp., "C 

Fig. J. Time required for the complex prod uc« 
lion. 

A; «-Butyl C; lsopropyl 

B; /r-Propyl D; Ethyl 

experiments for observing the times required for 
the production of the complex were carried out 
without any solvent at about equimolar composi- 
tion of tin tetraalkyl and titanium tetrachloride. 
In Fig. 1, the effects of the alkyl radical in the tin 
tetraalkyl molecule and the reaction temperature 
upon the rate of the production of the complex are 
represented. 

The vertical axis in Fig. 1 represents the times 
required for the solidifying of the two components 
which were mixed at a given temperature. The 
preparation of catalyst complex in the following 
experiments was performed referring to this con- 
dition ; also analogously in the case where the ratio 
of the two component deviates passably from unity. 

Polymerization Procedure. — In a cooled poly- 
merization tube containing the complex which had 
been prepared by mixing the two components, a 
definite amount of monomer was introduced. The 
complex was shattered in a high speed shaker. In 
the case of polymerization in solution, the shatter- 
ing of the complex was taken before the monomer 
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was introduced. The tube was immersed in a con- 
Slant temperature bath. After the reaction pro- 
ceeded for definite reaction limes, the tube was 
cooled by dry ice-methanoK and vented. Then* the 
contents of the tube were treated w»h methanol 
acidified by hydrochloric acid to decompose the 
catalyst, washed with methanol several limes, and 
dried under reduced pressure. 

Measurement of Viscosity*— The viscosity of the 
polymer solution was measured using tctralin. as a 
sojvem, which had been purified by distillation after 
being dried over sodium, using an improved 
Ubbelohde viscometer of dilution type, at 135± 
0.05°C. The viscometer was filled with nitrogen 
during the measurement. 

The molecular weight of the polymer was cal- 
culated using Ciampa's equation" shown below. 

Dependence of Conversion and insoluble Fart 
of Polymer In Boiling n-Hexane on the Composi- 
tion of Catalyst. — The influence of the ratio of 
catalyst components upon the conversion and the 
insoluble part of polymer in boiling /r~hexane was 
investigated by the polymerization using a catalyst 
complex of tin tetraethyl-titanium tetrachloride. In 
each experiment. 5 g, of monomer was polymerized 
with a catalyst containing 9.26 K 10 " £ mol. of tita- 
nium tetrachloride and a definite amount of tin 
tetraethyl (which is represented in Table I), in 5cc. 
of if-hexane at 30-C for 25 nr. The Results are 
shown in Table I. 



Table f. Effect of the ratio qf components 

IN THE COMPLEX UPON THE CONVEaSION AND 
THE INSOLUBLE PART IN BOILING fl-HEXANE 



No. 


SnR 4 /TiCU 


Convertion 

% 


Insoluble 
part in 
ft-hexane* % 


1 


0.54 


4.01 


8.61 


2 


0.82 


2.72 


U.52 


3 


1.09 


0.71 


12.21 


4 


1.36 


2.1.1 


15.14 


5 


1.64 


15-75 


18.32 


6 


1.91 


8.73 


17.26 



TiCU; 9.26x10-= mol.. Monomer; 5g. 
n-Hexane ; 5 cc., Temp. ; 30 C C. 

It is seen that a minimum for the rate of poly- 
merization exists where the ratio of tin tetraethyl 
to titanium tetrachloride is about unity. This re- 
spect is discussed afterward. 

Effects of Alkyl Radical in SnR, and the Tem- 
perature of Complex Preparation upon the Conver- 
sion and the Molecular Weight of Polymer.— In 
each experiment, 15g. of monomer was polymerized 
with the catalyst which was prepared by mixing 
the two components, i.e., 2.024* t0~ 3 mol, of tin 
ictraalkyl and 1 .852x 10*"* mo1. of titanium tetra- 
chloride, in a seated lube at 40°C for 13hr. Each 
polymer was then extracted by boiling rt-hexanc. This 
procedure was made to find the percentage of so- 
called isotactic polymer which had been defined by 



3> G. Ciampa, Chim. e iwt. {Mllmi), M. 298 



and Masalcazu Honda [Vol. 34, No. 6 

Natta as an isoluble part in boiling n-beptane. 
In this sencc, the extraction has to be made, if 
possible, by ^heptane. However, the greater part 
of the polymer which would be extracted by boiling 
t-heptane is also extracted by boiling «-hexane f as 
is shown in Table 111. Accordingly, the solvent, 
fl-hexane was used. These results are shown in 
Table II. 

The effect of the temperature of catalyst prepa- 
ration upon the conversion is represented in Fig. 2. 



70r 




Temp., *C 

Fig* 2. Effect of the temperature of the catalyst 
preparation upon the conversion. 

The polymerisation with the catalyst prepared at 
lower temperature resulted in higher conversion, 
which gave lower molecular weight and further 
lower percentage of polymer insoluble in boiling 
tf-hexane (except for the case of tin tetraethyl). 

Extraction of the Polymer with Various Solvents. 
— To find the percentage of atactic and isotactic 
parts which are contained in the polymer prepared 
with the tin tetraethyl-titanium tetrachloride catalyst, 
55.774 g. of the polymer was successively extracted 
by such series of solvents as acetone, diethyl ether, 
rr-hexane, and /t-heptane. The sample employed in 
this extraction was prepared by polymerizing 75 g. 
of monomer with the catalyst which had been pre- 
pared at 20°C by the reaction between 1,01 2 mol. 
of tin tetraethyl and 0.926 mol. of titanium tetra- 
chloride. In this polymerization reaction (at 40°C, 
for about 15 hr,), 57.428 g. of the polymer was ob- 
tained (conversion; 76.6%). The viscosity of each 
fraction was measured by means of the aforemen- 
tioned method. These results are shown in Table 
111. 

It 4 > has already been known that an organo 



4) N. G. Gaylord and H. F. Mark. " Linear and Ster- 
eoregular Addition PoJymcr* " Interscuncc Publishers, 
Inc., New York <IW9), p, t». 
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Table II. Polymerizations at various temperatures using various tin tetraalkyls 



R in SnR< 


Cat, preparation 
temp., C C 


Conversion 

% 


Insoluble part (%) 
in boiling hexane 


Lrtxio 


Mx 10-* 


Ethyl 


40 


65.7 


18 


2.4 


9.7 


tr 


60 


42.5 


12 


i.5 


6.2 




80 


31.6 


14 


1.9 


5.1 


/r-Butyl 


40 


65.4 


4 


0.8 


3.2 




60 


62.4 


3 


1.0 


4.1 




80 


45.7 


S 


1.4 


5.6 


lsopropyl 


40 


U.S 




0.4 


1.4 


<r 


60 


7.4 




0.4 


t.7 


«* 


80 


12.1 




0.3 


1.1 


ff-Propyl 


40 


21.1 


2.6 


0,8 


3.2 




60 


20.4 


4.2 


1.1 


4.0 




80 


6,4 


4.0 


1.3 


5.1 



The viscosity was measured for the original polymer. 
Monomer; 15g., Temp.; 40°C Time; 15 nr. 
SnR*; 2.024* I0~*mol., TiCh; 1 .852* I0~ 8 mol. 

The polymers prepared with SnO'-CsHrVTiCU were grease-like, and so, the extractions were 
not carried out. 



Table III. Extraction with various solvents 



Polymer, g. 


Fraction, % 


M 


Afx 10-* 


M. p., *C 


2.584 


4,6 








22.370 


40.1 


O.lt 


4.4 




20.363 


40.4 


0.13 


5.2 




2.036 


3.7 


0.26 


10.4 


120 


6.255 


1 1.2 


1.02 


40.8 


155-160 



Solvent 
Acetone 
Ether 
n-Hexane 
n-Heptane 
(Residue) 

metallic compound containing the metal with smaller 
ionic radius, results in a higher yield or isoiocfic 
polymer. Accordingly, it is natural that the poly- 
merization using a compound of tin as a catalyst 
component results in a lower yield of i so tactic 
polymer. 

Rale of Polymerization.— In order to find the 
rate of polymerization* the following experiment 
was performed. Each polymerization was carried 
out in a sealed tube with tin tctracthyl-titanium 
tetrachloride catalyst consisting of 2.024x 10"** mol, 
of the former and 1. 852 x 10 2 mol. of the latter. 
The catalyst was shattered finely by a high speed 
shaker in 15cc, of n-hexane before the monomer 
(iOg.) was introduced. The polymers were treated 
by means of the aforementioned method. The 
relation between the conversion and the reaction 
time is represented in Fig. 3. 




Time, hr. 

Fig. 3. Polymerization rate in n-hexane. 



The rates at 30 and 40 ; C were calculated from 
Fig. 3 as 0.22%-conversion/hr. and 0.5%^on ver- 
sion /hr M respectively. The values indicate that the 
polymerization of propylene with tin tetraalkyl- 
titanium tetrachloride catalyst proceeds very slowly 
in the solution system, 

Infrared Spectra. — In order to compare the 
microstructure of the polymer prepared by the tin 
tetraethyl-titanium tetrachloride catalyst with that 




isoo moo i** mo nbo iooo Tsoo Sci> 



cm" 1 

Fig. 4. Infrared spectra of in boiling heptane 
insoluble polymers. 

A; Polymer prepared with SnR 4 -TiCU 
B; Moplcn 
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of 4 Moplcn \ the polymer prepared by aluminium- 
trialkyl-tiunium trichloride catalyst, the infrared 
spectrum of the insoluble part in boiling A-heptane 
-was observed. B is a spectrum of n-heptane insoluble 
part of Moplen. From the comparison of A with 
B, it is obvious that these polymers are strikingly 
similar in their microstructures. 

Discussion 

Generally, the Ziegler catalyst consists of 
lewis acid and Lewis base. Therefore,, a 
cationic or an anionic reaction will predomi- 
nantly occur according to the catalyst com- 
position in which Lewis acid or base is con- 
tained in excess, respectively. 

The double bond of propylene, of course, is 
easily attacked by a cationic catalyst, owing 
to the effect of the methyl group. Moreover, 
it is also well known that, in the case of 
cationic polymerization, the growth of the 
chain easily terminates by a chain transfer. 
Thus, the rate of cationic polymerization is 
steady, but the polymer produced has usually 
a low molecular weight and further low stereo- 
regularity. On the other hand, in the case of 
anionic polymerization, a polymer having a high 
molecular weight and further high stereo- 
regularity is usually obtained, while the rate 
of reaction becomes smaller than that of 
cationic reaction. 

From the facts mentioned above, it may be 
said that the decrease of conversion (from No. 
1 to No. 3) with an increase in the amount of 
tin tetraethyl will mean that the cationic 
character is replaced gradually by the anionic 
character. It is also considered that, in Nos. 



[Vol. 34, No. 6 

3—6, the effective anionic catalyst increases 
with the increase of the amount of tin tetra- 
ethyl. 

Next we discuss the effects of temperature 
of catalyst preparation upon the convertion, 
the insoluble part in boiling ir-hexane and 
stereospecificity. As is apparent from Fig. U 
the reducing power is the strongest in the 
case of tin tetraethyl, so that the effective 
anionic catalyst will be produced even at a 
lower temperature, in such a case. The fact 
that both the conversion and the stereospeci- 
ficity decrease with an increase in the temper- 
ature will mean a decreasing of the active 
center which is in suitable valence state. 

In the case of the propyl of butyl radical, 
the reducing power is so much weaker than 
that of the ethyl radical, that a temperature 
which is suitable for preparing the effective 
complex containing the latter, is unsuitable 
for producing the effective one containing the 
former. At such a lower temperature, the 
somewhat cationic character will still remain 
in the complex. When the temperature becomes 
higher, the cationic character will decrease* 
and so the conversion decreases while the 
stereospecifictty increases, as is seen in Table 

n. 

In regard to the effects of the length of the 
alky! radical upon the conversion and the 
stereospecificity, no distinct relations between 
them were obtained. 

Electrical Communication Laboratory 
Nippon Telegraph and 
Tetephotte Public Corporation 
MusashinO'shi, Tokyo 
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ABSTRACT 



A process for producing a polymer by ring-opening 
polymerization of a norbornene-type monomer, which 
comprises starting the ring-opening polymerization in 
the presence of a Ziegler-type catalyst consisting essen- 
tially of an organometallic compound of a metal belong- 
ing to the groups I to III of the periodic table and tita- 
nium tetrahalide, carrying out the ring-opening poly- 
merization until the norbornene-type monomer shows a 
conversion ratio of not less than 60%, and then adding 
a tungsten and/or molybdenum-based- metathesis cata- 
lyst to the polymerization reaction system to continue 
the ring-opening polymerization. 



20 Claims, No Drawings 
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tern when the polymerization has completes is very low, 

PROCESS FOR PRODUCING POLYMER BY and the polymer can be produced at high yields. 

RING-OPENING POLYMERIZATION The present inventors made an intensive study in 

order to overcome the above prior art problems, and 

BACKGROUND OF THE INVENTION 5 found that the above object can tie achieved by a combi- 

1. Field of the Invention nation process of a first step (anterior polymerization 
This invention relates to a process for producing a «M o f starting ring-opening polymerization of a nor- 

polymer by ring-opening polymerization of a norbor- bornene-type monomer in the presence of a Ziegler- 

nene-type monomer, more specifically to a process for type catalyst consisting essentially of an organometallic 

producing a polymer having a limited distribution of 10 compound of a metal belonging to the groups I to III of 

molecular weight by ring-opening polymerization at the periodic table and titanium tetrahalide and a second 

high yields. step (posterior polymerization step) of continuing the 

2. Related Art ring-opening polymerization by adding a tungsten and- 
In recent years, attention has been paid to hydroge- /or molybdenum-based metathesis catalyst to the reac- 

nated products of polymers produced by ring-opening 15 tion system during the reaction, 

polymerization of norbornene-type monomers such as According to this invention, therefore, there is pro- 

tetracyclododecene, dicyclopeutadiene (DCP), tricy- vided a process for producing a polymer by ring-open- 

clopentadiene, etc., as an optical material for use in an ing polymerization of a norbornene-type monomer, 

optica] disk, optical lens, transparent film, etc. (e.g. which comprises starting the ring-opening polymeriza- 

JP-A-«0-26024, JP-A-1-24826, WO80/01953, 20 ti on j n the presence of a Ziegler-type catalyst consisting 

EP303,246, EP317,262). The reasons therefor are that essentially of an organometallic compound of a metal 

such hydrogenated products are excellent in transpar- belonging to the groups I to III of the periodic table and 

ency and heat resistance and hardly susceptible to water titanium tetrahaUde, carrying out the ring-opening pol- 

and that they have comparatively small birefringence ymerfzation until the norbornene-type monomer shows 

andexcellent moldability. v> a conversion rat i 0 0 f not less than 60%, and then adding 

The nng-opcnmg polymerization of a norbornene- a tungsten and/or molybdenum metathesis catalyst to 

type monomer is earned out, ,m general, m the presence the reaction system to continue the ring-opening poly- 

of (1) a catalyst system consisting of an organometallic merization. 
compound such as an prganoaluminum compound and a 

tungsten and/or mblybdenumrbase^ 30 DETAILED DESCRIPTION OF PREFERRED 

(e.g. U.S. Pat. No. 3,557,072) or (2) a catalyst system EMBODIMENTS 

Ruining an;org^ an ^ invention will be detailed hereinbelow. 

organoalummum compound and a transmqn-metal • ™ ■ • ^* • • • - " 

; compound .such as titanium tetrahalide (e.g. JP-Br4 1- Norbornene-type monomer 

201 1 1 ; d!E-A-2,502,748); • 35 „ . v 

.. However, m the casetf the rmg-openmg polymeria ,^^^^^^^^^^1 

tion using the above (1) catalyst syVtem, the resultant bomene and alkyl.alkyhdene and/or ^substituted 

polymer has a broad distribution of ^ comj^unds hereof such as «ytarW 

^therefore has large birein^gmce; in ^ spite of an S^tuotfaft^^ 5- 

advantage that the polymer can be obtained at such 40 butyl-2norbornene, 5-cthylidenc-2-norbornene, 5-phe- 

high yields that the residual monomer is hardly present nyl^nor^in^ 

in the reaction system when the reaction has completed. clopentadiene and substituted compounds of these with 
In the case of the ring-opening polymerization using ^ such as methyl, ethyl, propyl, butyl or the like; 
the above (2) catalyst system, the molecular weight dimethanooctahydronaphthalene and alkyl, alkylidenc 
distribution of a resulting polymer can be easily con- 45 and/or aryl-substituted compound thereof such as 6- 
trolled. However, with a decreasing concentration of a methyl- !,4:5,8KliraethanO'lA4a,5,6,7,8 l 8a-octahy- 
raonomer in the reaction system, the polymer formation dronaphthalene, 6-ethyi-l,4:5,8-dimethano- 
ratio decreases markedly. Even if the polymerization is * ,4,4a,5,6 l 7,8,8a-octahydronaphthalene f 6-ethylidene- 
started with a high monomer concentration, the poly- l,4:5,8-dimethanp-l,4,4a,5,6,7,8,8a-octahydronaphtha- 
mer formation ratio decreases as the monomer concen- 50 leoe, 6-phenyll,4:5,8-diraethano-l,4,4a,5,6,7,8,8a- 
tration decreases with the progress of the polymeriza- octahydronaphthalene, etc.; trimers and tetramers of 
tion reaction. Hence, the polymer formed by the ring- cyclopentadiene such as 4,9:5,8-dimethano-3a,4,4a,5,8- 
opening polymerization of the present catalyst system ,8a,9,9a-octahydro-lH-benzoindene, 4,11:5,10:6,9- 
cannot be obtained at high yields. Moreover, a large trimethano-3a,4,4a,5,5a,6,-9,9a,10,10a, 11,11a- 
amount of an unreacted monomer remains in the reac- 55 dodecahydro-lH-cyclopentaanthrace, etc. 
tion system when the polymerization has completed. It The norbornene-type monomer may have a polar 
is very difficult to remove this remaining monomer at a substituent or a substituent having a metal atom. Exam- 
polymer-isolation step. And, the unrmlH monomer pies of such a substituent are halogen atoms such as 
remaining in the polymer causes voids, a phenomenon chlorine, bromine and fluorine; ester-type moieties such 
of haze on a molded article surface called flash or silver 60 as methoxycarbonyl, ethoxycarbonyl and acetoxy 
lines called silver streaks. groups; a cyano group; a pyridyl group; silyl groups 

. . such as trimethylsilyl, triethylsilyl and dimethylmono- 

SUMMARY OF THE INVENTION chloro»lyUrou^; and the like. ■ 
It is an object of this invention to provide a process These norbornene-type monomers may be used alone 
for ring-opening polymerization of a norbornene-type 65 or in combination. In order to impart excellent heat 
monomer, in which a polymer having a limited distribu- resistance to the polymer, formed by ring-opening poly- 
gon of molecular weight can be obtained, the concen- merization and the hydrogenation product thereof by 
tration of the monomer remaining in the reaction sys- adjusting the glass transition point (Tg) thereof to not 
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less than 100' C, tetracyclic or pentacyclic compounds amines. Specific examples thereof are trimethylamine, 
of these norbornene-type monomers are used -alone or triethylamine, tripropylamine, tri-n-butylamine, di- 
as a main component in combination with tricyclic or methylaniline, pyridine, a-picoline, y-picoline, 2,6-luti- 
tncychc monomers. In view of birefringence in particn- dinet etc (DE-A-2,502,748, WO89/01953) 
Jar, a homopolymer or copolymer of lower alkyl-sub- 5 

stituted or alkenyl-substituted tetracyclic compounds is Metathesis catalyst 

^ssas^ ^°^r^rr°T i r num - ba$cd 

atoms or a copolymer containing as a copolymerfcing ****** are hahdes, oayhalides or oxyor- 

component, not less than 50% by weight, preferably not , 0 ? uuc compounds of these metals. Specific examples 

less than 70% by weight, of said substituted compound thereof are tungsten hexachlonde, tungsten (IV) oxy- 

is preferred. chloride, tungsten tetrachloride, molybdenum penta- 

And, as a copolymerizing component, it is possible to chloride, acetylacetonatomolybdenum oxide, etc. 

use other cycloolefins such a cyclopropene, cyclobu- n . . . ... 

tene, cyclopentene. cycloheptene, cyclooctene. 5.6- 1$ Conditions for nng-opemng polymerization 

dihydrodicyclopentadiene, etc., in such an amount that Solvent 

does not impede the object of this invention, usually in n . 4-p«*,v« «f 

the range ofnot more Uian 30% by weight ™° ™ * ^ ° f * hC nor ^™ n f- 

Further, as a molecular-weight regulator, noncyclic Vpe^nomer m this invention may be earned out in 
olefins may be used in a small amount, usually in the 20 of . a solv * nt - In general, however, it is car- 
range of up to 10 mol %, In particular, aolefins such as ne ° m an men ^rgarac solvent. 
1-butene, i-pentene, 1-hexene, etc., are preferred. As the solvent ' hydrocarbon solvents are preferred, 

and of these solvents, cyclic hydrocarbon solvents hav- 

Ring-opening polymerization catalyst mg the excellent power to dissolve the polymers being 

Ziegler-type catalyst ^ formed by the ring-opening polymerization are particu- 

(a) Organometallic compounds ^ P^ err ^ 

• • • • Specific examples thereof are aromatic hydrocarbons 
Examples of the organometallic;comppund of a metal such as benzene, ethylbenzene, toluene, xyiene, etc.; 
belonging to the groups I to HI of the periodic table, aliphatic hydrocarbons such as n-pentane, hexane, hep- 
used m^^ are organpaluminum compounds, t ane, etc.; alicyclic hydrocarbons such as cyclopentane, 
organphthium cpmjoimo^ organom cyclohexane, methyicyclohexane, :dtmethyldycl6hex- 
!*D^^ ane, decalin, etc, hydrocarbon halides such as methy- 

|f ^M^t^^S^^^' lene dichloride, dichloroethane, dichloroethylene, tet- 

pounds, organoalummum compounds are preferred. *_* • . - % •• . , 

Examples of the organoaluminum compounds are ^Woroethane, chlorobe^ene^ dic^obenzene, ^tri- 

trimethylaluminum, triethylaluminum, tri-n- 35 chlorobenzene, etc. These may be used ^ combination, 

propylaluminum, triisopropylaluminum, triisobutylalu- 1116 amounl of the solvent, based on 1 part by weight 

minum, trihexylaluroinum, trioctylaluminum, triphenyl- of ^e monomer, is usually 1 to 20 parts by weight, 

aluminum, tribenzylaluminum, diethyialuminum mono- preferably 2 to 10 parts by weight, 

chloride, ai-n.prppylaluminum^ ^pnoclUoride, Polymerization temperature 

dusobutylaluminum monochlonde, di-nTbutylalummum w ... 

monochloride, diethyialuminum mpnobrpmide, diethyl- The temperature conditions for the ring-opening pol- 

aluminum monoiodide, diethyialuminum monphydride, ymerization are not specially limited, and any tempera- 

di-n-propylaluminum monohydride, diispbutylalurai- ture between —20* C. and 100* C, usually between 0* 

num monohydride, methylaluminum sesquichloride, C. and 100* C, preferably between 10" C. and 80* C is 

ethylaluminum sesquibromide, isobutylaluminura ses- * 5 selected, 
quichloride, ethylaluminum dichloride., ethylaluminum 

dibromide, propylaluminum dichloride, isobutylalumi- Pressure for polymenzation system 

num dichloride, ethylaluminum dibromide, ethylalumi- The pressure for the polymerization is 0 to 50 

num diiodide, lithiumaluminum tetra-n-butyl, etc. kg/cm 2 , usually ordinary pressure to 10 kg/cm*, prefer- 

Examples of the organolithium compounds are me- 50 ably not more than 5 k*/ cm i 
thyllithium, ethyllithium, n-butyllithium, n-hexylli- 

thium, etc. Atmosphere for polymerization system 

Examples of the organomagnesium compounds are ^ ring-opening polymerization is usually carried 

diethylmagnesium methylmagnesmm ,ochde, ethyl- om m alm * sp £ rc of^n inert gas such as nitrogen, ar- 

magnesium bromide, methylmagnesmm bromide, n- 55 .r * 

propylmagnesium chloride, t-butylmagneshim chloride, 8 ' 

allylmagnesium chloride,, phenylmagnesium bromide, Addition of ring-opening polymerization catalysts 
etc. 

The amounts of the ring-opening polymerization 

(b) Titanium tetrahalide ^ catalysts are as follows. Concerning the amount of each 
Specific examples of the titanium tetrahalide are tita- of the components of the Ziegler-type catalyst per 100 

nium tetrachloride, titanium tetrabromide, etc. moles of the monomer, the amount of the (a) organome- 
tallic compound is 0.1 to 10 moles, preferably 0.5 to 5 

(c) Armne-type activator molcs> the amount 0 f tne (b) titanium tetrahalide per 100 
The Ziegler-type catalyst of this invention may be 65 moles of the monomer is 0.05 to 5 moles, preferably 0.25 

used in combination with an amine-type activator. to 2.5 moles, and the amount of the (c) amine-type acti- 

Examples of the amine-type activator are aliphatic, vator per 100 moles of the monomer, if used, is 0.2 to 20 
alicyclic or aromatic tertiary amines and heterocyclic moles, preferably 1 to 10 moles. And, the amount of the 
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metathesis catalyst per 100 moles of the monomer is The above-specified molecular weight and molecular 

0.005 to 1 mole, preferably 0.01 to 0.S mole. weight distribution of the polymer are according to 

Further, the proportions of each of the above compo- gel-permeation chromatography ("GPC" hereinbelow) 

nents (a), (b) and (c) and the metathesis catalyst are as analysis using cyclohexane as a solvent 

follows. Per mole of the (a) organometallic compound, 5 The polymer formed by the ring-opening polymeriza- 

the proportion of the (b) titanium tetrahalide is 0.05 to 1 tion is hydrogenated according to an ordinary method 

mole, preferably 0.1 to 0.9 mole, that of the (c) amine- and can be suitably used as an optical material for an 

type activator 0;5 to 10 moles, preferably 1 to 5 moles, optical disk, optical lens, transparent film, and the like, 

and that of the metathesis catalyst is 0.002 to 0.5 mole, EXAMPLES 

preferably 0.01 to 0.1 mole, 10 ^ M 4 ^ 

In this invention, at first, the ring-opening polymeri- This invention will be explained more specifically by 

zation of the norbornene-type monomer is started in the reference to Examples. However, this invention shall 

presence of the Ziegler-type catalyst, and in course of not liraUcd on, y thereto, 

the reaction, the tungsten and/or molybdenumbased EXAMPLE 1 

metathesis catalyst is added to the reaction system to 15 „ m „ . , , . . - . . «_ 

continue the ring^opening polymerization. »-2 K Op0 mmoO of 6-meAyl4,4:5,8^thano. 

If these catalysts are added in some other order than } ***** ,6.7,8,8a^^aronaphthalene (MTD here- 
above, the object of this invention cannot be achieved, wa ? ***** w * T**^"? 

When only the Ziegler-type catalyst is used, or when „ « a polyinerizatioii solvent, 6 84 g (9.0 mmol) of a solu- 
the metathesis catalyst is not added in the posterior 20 bon 0 *? % % WCIgJ ?' of tne Ay lalun^umm cyclop- 
polymerization step,^e conversion ratio of tbemono- « « ^ rllT^TS^ g , < 6 '° 
mer is as low as about 90% at best, and the polymer ""P <*.• of 20% * "S$\ tctra l 
^iT " Z> J at t*Sk ^Jtl uX!« fh+ chloride in cyclohexane were added in the presence of 
cannot be obtained at mgh yields W^en the nng-open- Q f ub molecular weight 
ing polymerization is carried out in the presence of the „ w% ? JJTa^JZI a J^^^ZJ,^S1 
metaihesis catalyst only, the resultant polymer has a 25 ^ tomnng-o^ng polymerization. 
^^T" ;^";"^r "v ™ u a When 30 mmutes passed after the polymenzation was 
br^d^ if the startcd the Version ratio reached 86%. At this time, 
>$^£*&£3£2^ 6.6 g (0.15 mmol) of a solution of 0.9% by weight of 
•W^^^^.^^^^^f^^ tungsten hexachloride in cyclohexane was added to 
catalyst, it is impossible to control the molecular w^eight ^ continue the polymerization further for 30 minutes. 
dKtnbuttpn to a preferred range. F^ The reaction was stopped by adding 4 ml of metha- 
nng<)pemng polymerization is started in the presence nolf the reaction solution was poured into 5 1 of 
°0*>$ $E ^^Wm-^m..^: Ac metathesis isopropyl alcohol to coagulate the resultant polymer, 
catalyst, the result is none the better. The coagulated polymer was dried under vacuum to 
" ; ^}3^*eA-^)?t;hi .polymera 35 give 50.6 g of a polymer formed by the ring-opening 
tion tfpp. « added at a ^e when the conversion ratip of polymerization. The yield of the polymer was 97%. 
the norbornene-type monomer becomes not less than During the polymenzation, when 30 minutes passed 
60%, preferably not less than 70% after the ring-open- aftcr j he titanium tetrachloride was added and when 30 
ing polymerization is started in the presence of the Zie- m inutes passed after the tungsten bexachloride was 
gler-type catalyst, preferably in the presence of R3AIA 40 2 ml each of samples of the polymerization solu- 
TiCU/amine activator. If the metathesis catalyst is tion were token and subjected to GPC analysis to mea- 
added when the conversion ratio is too low, it is diffi- sure molecular weights, molecular weight distributions 
cult to control the molecular weight and molecular m d conversion ratios of the monomer to the polymer, 
weight distribution of the resulting polymer. The upper qpc analysis conditions: Measurements were made 
limit of the conversion ratio in the anterior polymeriza- 45 w |tli HLC802L (supplied by TOSOH CORPORA- 
tion step is about 90%. TION) having TSK gel G5000H-G4000H column at a 

After the addition of the metathesis catalyst, the ring- temperature of 38* C. and a flow rate of 1.0 ml/minute 

opening polymerization in the posterior polymerization by using toluene or cyclohexane as a solvent Toluene 

step is continued until the final conversion ratio be- WBS used as a solvent for the measurement of the molec- 

comes, preferably, not less than 95%. 50 ular weights and molecular weight distributions, and 

»\ j r , . nMW%in „ ^,1^ cyclohexane for the conversion ratios. 

Polymer formed by nng-opeiung polymerization { ghows ^ 

The polymer produced by ring-opening polymeriza- 

tion according to this invention has a number average Examples 2-4 

molecular weight (Mn) of 10,000 to 200,000, preferably 35 Example 1 was repeated except that the proportions 

20,000 to 100,000, a molecular distribution (Mw/Mn) of of the Ziegler-type catalyst and metathesis catalyst 

not more than 3, preferably 2.5. When the polymer is were changed as shown in Table 1. Table 1 shows the 

hydrogenated and used as an optical material such as an results. 

optical disk, the polymer having a number average e . . 

molecular weight (Mn) of 20,000 to 40,000 is the most 60 Example 5 

preferred. Example 1 was repeated except that the tungsten 

When the number average molecular weight is larger bexachloride was replaced with 0.30 mmol of molybde- 

than the above range, the polymer has large birefrin- num pentachloride. Table 1 shows the results, 

gence and poor moldability. When it is smaller than the " 

above range, the polymer has poor mechanical strength. 65 Example 6 

And, when the molecular weight distribution . Example I was repeated except that the monomer 

(Mw/Mn) is greater than the above range, the polymer was changed to a mixture of MTD (240 mmol) with 

has large birefringence. norbornene ("NB" hereinbelow) (60 mmol) and that the 
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ABSTRACT 



This invention is directed to making chemical derivatives of 
carbon nanotubes and to uses for (he derivalized nanotubes, 
including making arrays as a basis for synthesis of carbon 
fibers. In one embodiment, this invention also provides a 
method for preparing single wall carbon nanotubes having 
subslituenls attached to the side wall of the nanotube by 
reacting single wall carbon nanotubes with fluorine gas and 
recovering fluorine derivalized carbon nanotubes, then 
reacting fluorine derivalized carbon nanotubes with a 
nuclcophilc. Some of the fluorine substitucnis arc replaced 
by nucleophilic substitution. If desired, the remaining fluo- 
rine can be completely or partially eliminated to produce 
single wall carbon nanotubes having substituents attached to 
the side wall of the nanotube. The substituents will, of 
course, be dependent on the nucleophilc, and preferred 
nuclcopbilcs include alkyl lithium species such as methyl 
lithium. Alternatively, fluorine may be fully or partially 
removed from fluorine derivatized carbon nanotubes by 
reading the fluorine derivatized carbon nanotubes with 
various amounts of hydrazine, substituted hydrazine or alkyl 
amine. The present invention also provides seed materials 
for growth of single wall carbon nanotubes comprising a 
plurality of single wall carbon nanotubes or short tubular 
molecules having a catalyst precursor moiety covalenlly 
bound or physisorbed on the outer surface of the sidewall (o 
provide the optimum metal cluster size under conditions that 
result in migration of the metal moiely to the tube end. 

54 Clulms, 26 Drawing Sheets 
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monolayer extending in directions substantially perpendicu- In one embodiment, this invention also provides a method 

lar to the orientation of the individual nanotubes. In this for preparing single wall carbon nanotubes having subslilu- 

process the seed array lubes are opened at the lop (free) end enls attached to the side wall of ihe nanolube by reading 

and a catalyst cluster is deposited at this free end. Agaseous s j ng | c wa n c^bon nanotubes with fluorine gas and recov- 

carbon source is then provided to grow the nanotube assenv 5 e ring fluorine derivatized carbon nanotubes, then reacting 

bly into a fiber. In various processes involving metal cluster fluorine derivatized carbon nanotubes with a nucleophile. 

catalysis, it is important to provide the proper number of Some of the fluorine substituents are replaced by nucleo- 

metal atoms to give the optimum size cluster for single wall philic substitution. If desired, the remaining fluorine can be 

nanotube formation. completely or partially eliminated to produce single wall 

Derealization of Single-wall Nanotubes 10 carbon nanotubes having substituents attached to the side 

Since the discovery of single wall carbon nanotubes wa n. 0 f the nanotube. The substituents will, of course, be 

(SWNTs) in 1993 (Iijima, S. and Icbihashi, X, Nature dependent on the nucleophile, and preferred nucleophiles 

1993363:603-605), researchers have been searching for mc i U( j e a lkyl lithium species such as methyl lithium, 

ways to manipulate them chemically. While there have been Alternatively, fluorine may be fully or partially removed 

many reports and review articles on the production and 15 from fluorine derivatized carbon nanotubes by reacting the 

physical properties of carbon nanotubes, reports on chemical fluorine derivatized carbon nanotubes with various amounts 

manipulation of nanotubes have been slow to emerge. There 0 f hydrazine, substituted hydrazine or alkyl amine, 
have been reports of rationalizing nanotube ends with ^ mvenlion also ides , cess for prcparilJg a 

7e£ ^? UPS ( ? V 1 ^ ^^L^TJT* i 9 , 96 ' suspension or solution of single wall carbon nanotubes in 

1525-1526; Wong,ct ^Nature, 1998,394:52-55), and then 20 various Averts from which individual single wall carbon 

further manipulation to tether them i to ^gold ^ parUcles via Oiiol nanotubcs may bc thc proccss comprising provid- 

lwkagcs (Liu, ct al., Science, 1998, 280:125^1256). Had- ^ a mass of single wall carbon DaDOt ubes that include 

don and co-workers (Chen, et aL, Science, 1998, 282:95-98) bundlcs of fibcrs he , d ^ close associatioD by van der Waals 

have reported solvaung SWN is by adding octadecylamine f dcriva tizing thc side walls of thc single wall carbon 

groups on the ends of the tubes and then adding dichloro- 25 nanotu5cs with a pluraJil y G f chemical moieties distributed 

carbencs to thc nanotube side wall, albeit in relatively low substantially uniformly along the length of said single wall 

quantities (-2%). While theoretical results have suggested carbon nanoWbeside waUs> said chcmica i roo ieties having 

that runctionalizalion of the nanotube side-wall is possible chcmical and steric properties sufficient to prevent thc 

(Cahill, et al., tetrahedron, 1996, 52 (14):5247-5256), rcasscmb i y of van dcr Waals forcc bound bundles, produc- 

experimental evidence confirming this theory has not been 30 ing ^ solutions and recovering the individual, derivatized 

obtained. single wall carbon nanotubes from said solution or suspen- 

SUMMARY OF THE INVENTION , sion. Preferably, the attached chemical moieties are fluorine 

Accordingly, it is an object of this invention to provide a t0 "j"" in various alcohols ' preferably isopropyl 

method for derivatizing carbon nanotubes, especially the „ alcohol and various R-groups to approve to provide 

side walls of single-wall cartoon nanotubes. 35 * oIu, Y ll < y in ° thcr solvents including CHC1 3 , 

It is another object of this invenlion to provide a high Dimethylformamide, etc. 
yield, single step method for producing large quantities of In aoother embodiment, a method for forming a macro- 
continuous macroscopic carbon fiber from single-wall car- ^P 10 molecular array of tubular carbon molecules is dis- 
bon nanotubes using inexpensive carbon feedstocks at mod- 4fl c,oscd - ™« meibod incIudcs thc ste P s of Priding at least 
erate temperatures aboul 10 tubular carbon molecules of substantially similar 

It is yet another object of this invenlion to provide fen ? h in the ran fi c of 50 * °"« f ,rod V cia S 

macroscopic carta fiber made by such a method. These and moiety onto at least one end of the tubular carbon molecules; 

other objects of this invention are met by one or more of the P rovldul S a substrate coated with a material to which the 

following embodiments. 45 ^ng moiety will attach; and contacting the tubular carbon 

Hiis invention provides single wall carbon nanotubes n,olecules conUm,n S a I,nkin S « Wllh thc subs,rale ; 
and/or tubular carbon molecules derivatized with substitu- The present invention also provides seed materials for 
enls covalently bonded to carbon atoms of the side wall of of wal1 carb °n nanotubes compnsmg a plu- 

the nanotube or molecule. The substituents may in principle ralit y of s ^ wa " carbo ° nanotubes or short tubular 

be attached on the interior and/or exterior of Ihe nanotube 50 raolecu,es naviD S a catalyst precursor moiety covalently 

side wall, but the attachment will not be predominantly on bound or physisorbed on the outer surface of the sidewall to 

the exterior wall. In particular, the single wall carbon provide thc optimum metal cluster size under conditions that 

nanotubes may have substituents selected from fluorine, rcsuIt ,n migration of the metal moiety to the tube end. 
alkyl and phenyl attached to thc side wall. Such single wall This invention also provides a seed array for the catalytic 

carbon nanotubes having fluorine covalently bonded to the 55 production of assemblies of single wall carbon nanotubes 

side wall of the nanotube demonstrate high electrical resis- comprising a plurality of relatively short single wall carbon 

lance. nanotubes assembled in a generally parallel configuration, 

Jnis invention also provides a method for derivatizing and disposed on the side wall of each said single wall carbon 

carbon nanotubes comprising reacting carbon nanotubes nanotube a sufficient quantity of physisorbed or covalently 

with fluorine gas, thc fluorine gas preferably being free of 60 bonded transition metal catalyst precursor moieties to pro- 

F 2 . Where Ihe carbon oanotubes are single wall nanotubes, vide aclive catalyst metal atom clusters of thc proper size to 

and thc temperature is at least 500° C, the product may be &™ sin gle waI1 carbon nanotubes under conditions that 

multiple wail carbon nanotubes derivatized with fluorine. promote thc generation of metal atoms and thc migration of 

Where thc carbon nanotubes arc single wall nanotubes, and said mclal atoms t0 lnc frcc cnds of ^ single wall carbon 

tbc temperature is between 250° C. and 500° C. thc product 65 nanotubes. 

is single wall carbon nanotubes having fluorine covalently In another embodiment, a method for continuously grow- 

bonded 10 carbon atoms of the side wall of (be nanotube. ing a macroscopic carbon fiber comprising at least about 10" 
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Gravimetric and electron microprobe analysis demon- 
strated that large amounts of fluorine can be added to SWNT. 
Resistance measurements along with vibrational spectros- 
copy (Raman, IR) conOrm the formation of new chemical 
bonds to the nanotube superstructure. Contributions of 
absorbed molecular fluorine to the overall fluorine uptake 
arc precluded at these temperatures (Watanabe, ct al, 1988). 
It may be concluded, therefore, thai fluorine is being 
covalently attached to the side wall of the SWNT. 

TEM studies have shown that at fluorination temperatures 
as high as 325° C, the majority of the fluorination product 
maintains a lube-like structure. These studies also indicate 
that at 500° C, the single wall tubular structure docs not 
survive the fluorination process and that some MWNT-like 
structures are being formed. 

From Ihc product stoichiometrics, resistance measure- 
ments and )R spectra it is clear that reaction tcmpcralurcs in 
excess of 150° C. allow one to covalently add significant 
amounts of fluorine to the tube wall. The small amount of 
fluorine thai does show up in the product of the 150° C. 
fluorination reaction could be attributed to a combination of 
absorbed fluorine and fluorination of the end caps of the 
SWNT. ' 

Fluoride can also be effectively removed from the SWNT 
using anhydrous hydrazine and thai the rejuvenated product 
is in fact a SWOT. The inventors have found that, once 
fluorinated, SWI^ can . be defluorinaled with anhydrous 
hydrazine via ihe following reaciion: CF n -Kn/4)N 2 H„-*C+ 
nHF+(n/4)N 2 . From ihc results of these defluorination 
experiments and the Rama n and SEM studies associated 
with Ubem;;>itV;apj^airs;^lhat --a majority of the tubes are 
destroyed at fluorinalion temperatures of above 400° C, 
whereas only a slight amount of tube destruction occurs at 

250° c. vH-T^/K :' V - 

For reactions in which only the outside of the lube is being 
fluorinated (the SWNT used in this study were closed at the 
ends), there is a limiting stoichiomelry of C 2 F for which Ihe 
fluorinated tube can still maintain its tube-like (albeit 
puckered) structure. This is supported by the product sto- 
ichiometrics obtained via elemental analysis and the evi- 
dence of significant lube destruction al fluorinalion tempera- 
tures greater than 325° C. Further addition of fluorine would 
then lead to the breaking of carbon-carbon bonds and, hence, 
destruction of the tube. Accordingly, this invention provides 
a method of derivalizing SWNT with F 2 to add fluorine 
substitucnts to the exterior of the sidcwalls in stoichiom- 
etrics of up to C 2 F, although lesser amounts of fluorine can 
also be attached by further diluting the fluorine or by 
lowering the reaction temperature. 
Changing the Dcrivatization of SWNT by Fluorine Substi- 
tution 

Because the inertness of the SWNT side wall approxi- 
mates that of the basal plane of graphite, chemistry involv- 
ing the SWNT side wall may be quite limited. However, the 
present invention provides methods for fluorination of single 
wail carbon nanotubes (SWNT) where fluorine is covalently 
bound to Ibe side wall of the nanolube and thus provide sites 
for chemical reactions to occur. Function a liza lion via a 
fluorinated precursor may thus provide an attractive route to 
a wide range of side wall derealizations. 

In a particular embodiment, highly purified single wall 
carbon nanotubes (SWNTs) may be fluorinalcd to form 
"fluorotubes" which can then be solvated as individual 
tubes. For example, fluorotubes may be solvated in various 
alcohol solvents via ultrasonication. The solvation of indi- 
vidual fluorotubes has been verified by dispersing the sol- 
vated tubes on a mica substrate and examining them with 
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atomic force microscopy (AFM). Elemental analysis of the 
tubes reveals that light sonication in alcohol solvents does 
not remove significant amounts of the fluorine. These solu- 
tions will persist long enough (over a week) to permit 

5 solu t ion phase che m istry to be ca rried ou t on the fluorotubes . 
For example, the solvated fluorotubes can be treated with 
hydrazine to remove fluorine, leading to precipitation from 
solution of normal, unfluorinaled SWNTs. Alternatively, 
fluorotubes can be reacted with sodium methoxide to yield 

30 mcthoxylatcd SWNTs. These reaction products have also 
been characterized by elemental analysis and a variety of 
spectroscopies and microscopies. 
The present inventors have, for the first time, functional- 

is ized the sidcwalls of SWNTs by reacting them with elemen- 
tal fluorine. The inventors have discovered that fluorine 
could be added to the side wall of carbon nanotubes yielding 
stoichiometrics up to approximately Q.F without destruction 
of the tube-like structure. The inventors have also discov- 

20 ered that a high degree of solvation can be achieved by 
sonicating fluorinated SWNTs in a variety of alcohol sol- 
vents such as methanol, ethanol, and isopropanol. As dem- 
onstrated herein, reactions can be carried out on these 
nanotubes while in solution by reacting them with hydrazine 

25 which serves as a defluorinating agent. It has also been 
demonstrated that these "fluorotubes" can be reacted with 
sodium methoxide (a strong nucleopbile) while in solution 
to form melboxylaled SWNTs. 

30 The inventors have shown that single wall carbon nano- 
tubes can be fluorinated and then sonicated in alcohols to 
form stable solutions of fluorotubes. This solvation. allows 
one to manipulate the fluorotubes in ways thai were previ- 
ously unavailable and opens the door to a wide variety of 

35 possibilities with respect to exploring the physical and 
chemical properties of fluorotubes. "Tuning" the fluorine 
conlenl of a fluorolube by firsl fluorinating it 
heterogeneously, solvating it in an alcohol, and then deflu- 
orinating it with substoichiometric quantities of hydrazine is 

40 consequently available as a way of making a wide variety 
fluorotubes with differing fluorine contents and in some 
instances quite different properties. 
The inventors have further demonstrated that once 

45 solvated, these fluorotubes can then be reacted with species 
while in solution to cither defluorinate or further function- 
alize Ihem. The chemistry possible with these solvated 
fluorotubes provides an important route to the synthesis of a 
wide variety of function alized nanotubes having many dif- 

50 fcrcnt and useful properties. 

An exemplary derealization is the mcthylation of SWNT. 
Methylated SWNT are the product of the nucleophilic 
substitution of fluorine (attached to the SWNT side wall) by 
the methyl groups in methyl lithium. Nucleophilic substitu- 

55 tion of this type has been previously reported for the reaction 
between fluorinated and alkyl lithium species (Taylor, et 
al., 1992). The C — F bonds in fullerene cages and lubes are 
weakened relative to C — F bonds in alkyl fluorides by an 
eclipsing strain effect (Taylor, 1998 Russian Chan. Bull, 

60 47:823-832). This renders the bonds more susceptible to 
nucleophilic attack. A normal S„2 process is geometrically 
impossible and a S N ] process would be extremely unlikely, 
so either a novel front side displacement or possibly an 
addition-elimination process is responsible for the nucleo- 

65 philic substitution (See Taylor, 1995, in "The Chemistry of 
Fullcrenes," R. Taylor, cd., world Scicnlific Publishing, 
London, pp.208-209). 



Page A- 14 



ATTORNEY DOCKET NO PATENT 

1 1321-P068WOUS U.S. Ser. No. 10/561,253 

APPENDIX IV 

US 6,827,918 B2 

17 18 

correspond to sp* and sp 2 carbon stretching modes, respcc- microprobe analysis revealed the fluorine content of this 

lively. At higher reaction temps, yielding high F to C ratios, material to be 3.7 atomic percent (down from around 30%). 

these peaks disappear and the fluorescence is attenuated. As SEM and TEM analysis confirmed that the rope and tube 

C— F bonds are not very polarizable, it is understandable structures survived both the fluorination and methylation 

that they are not seen in the Raman spectra presented here. 5 s i C ps 

Raman spectra of the defluorinated products ; of the : SWNT ^ Raman spectroscopy of SWNT is now well known 

originally foonnated at 250« C 325* C. and 400 C. are (Rao> et al> imy Raman spectroscopy of the methylated 

C, rcspccuvcly. As can be seen in traces A and B, the .„ ■ ^n. . . l , 

characteristic breathing mode at 186 cm"' returns upon 10 Dm * h f" «=" a "°» »««■ reveals tha 

defluorination. This is no. true in trace C, indicating that the ^".ficanl alteration 1^ taken place (TIG. 6). Pyrol^sof 

lubes are largely destroyed a. 400* C. Additionally, the peak ^ZTr ll , u regenerates the original SWNT 

at 1340 cm-' grows relative to the characteristic SWNT "Zl™* P ^1™° T*™* I r . JvTr ^ 

peaks with increasing fluorination temperature. TO, can be , pn5oeSS ^ 8 25% r T* ^ h ff " g , ru 

attributed to one or both of the following factors: one. lubes 15 mass ° f "* Pyroly i B ' wdn f ™ ^L 3 

are being "funzipped" much more retdily at the higher 8 "T ^^iT^ 5 ea ". b ?» CV °' VCd ^"f ** 

temperatures and fondly, a. higher reaction temperatures. pyl0 ! y f 1S , (FI ° h *? ,b , ,he reS ' of , lbe ma * peaks ^ 

a greater amount of decomposition of the type: CF 4 . C,F 4 ! C0 ~ 1 Wllh mcthyl "^"ination pathways dur.ng 

C^F 6 .ctc,isc<cu,ringSEMimagcsandtwo-pointrcsistivity P^^,, rties of , he SWNT eh dran)ati . 

measurements were obtained on a single piece of "bucky ^ arc funclionalized The Imsated SWNT arc 

paper" after each of the foUowing stages: puriflcalion y . , y tuncuonaiizea. me untreated i>wpt J arc 

n • .■ i i n • *• »"" ,u ~ ,,uu essentia ly meta lie and their two point resistance 

fluonnation at 325° (.. and defluorination in hydrazine at ,„.•„,, „ „ „, „•,„„,.„ 1QOO .„ , 

c . ... . (essentially a contact resistance, Bozhko, et al., 1998. Appl. 

room temperature for one hour. FIG. 5-A shows the purified \, . /__. ,_ .' . 2, , 

..• _ . • i m/^ c r> u .u ■ r. "'0 s - 07:75-77) measured across 5 mm of the "bucky 

starting material. FIG. S-B shows the same piece after , , • ,„ , cr > «n_ a ■ . a .v . u 

having been fluorinaled a. 325° C. for 5 hours. The image 25 ^i"- * ^Jk ^ ° , flUOn f ated> ,he 

sbowsexcessive charging due to its insulating nature, but the ^T it! Z° JfS" 

... „ , . rT u .'ii - 1 . I- ii n-r. M Q. After methylation the tubes possess a two point 

mpe-l,ke structure of tubes isslillevKlent hnally, FIG. restlancc of ^ y Q ^ fa of ^e,,,^^ pro X ct 

5-C shows the same piece of bucky paper after having { ^ ( > _ m Q )ncom ; icle re P lurn of 

been dcfluorinated in hydrazine. The tjyo-ppinl rcsisUncc of ^ Jfc^j ^j^, pyrolysis may be due to an 

the punfled starting mm**, IS-lM^measured 5 mm . ^ (ac( £ ^ ^ ^ m 

across .be surface ^Mf^^m induced into the mpe lattice following the sequence of 

mcnls on the fluonnatcd and dcfluorinated "bucky paper^ reaction steos 

yielded . resistanceof >20 M£J apd «W30£J respecrively . ^ melh P ylaled SWNT could be suspended quite readily 

It is interesting o note that the dcfluorinated material 3J bysoDicaUo i iDchlorofonn . Dispe ^ lo 7 thissu 4 S pensionon 

readers most, but not all of its original conducing. / sj wafcr fo „ owcd by ^ analysis thc 

Example 2 destructive nam re of the sonication process. Additionally, a 

2.1 Preparation of Fluorinated Single-wall Carbon Nano- large number of ^single tubes could be seen. This was not true 
lubes of similarly exposed, untreated SWNT. 

SWNT were produced by the dual pulsed laser vaporiza- 40 To get an infrared spectrum of the product, the dried 

tion of Co/Ni doped graphite rods and purified as discussed methylated material was suspended in CDC1 3 and dispersed 

previously (Rin/ler, et al., 1998). The highly purified prod- over KBr powder which was then dried and pressed into a 

uct consists of colloidally suspended bundles or "ropes" of pellet. By using deuterated chloroform we eliminated the 

SWNT (Uu t et al., 1998). Filtering this over a 0.2 micron possibility of seeing C — II stretching modes due to the 

PTFE filter membrane and rinsing with methanol yields a 45 presence of residual solvent. IR analysis of the pellet 

black film that can be peeled off lo give a freestanding revealed a significant amount of C — H stretching in thc 

"bucky paper." 'ITiis paper was ihen oven baked for several -2950 cm" 1 region of the spectrum as shown in FIG. 8. Also 

hours at 150° C to remove any residual solvent. The baked present, however, is a significant C — F stretching band 

"bucky paper" was then loaded into a temperature controlled indicating that not all of the fluorine had been displaced, 

monel flow reactor where it was purged at 250° C. under a 50 This might be because the bulky methyl lithium cannot 

stream of He for ~1 hour. A 10% F 2 in He mixture was then penetrate thc rope lattice to the extent that thc fluorine could 

passed over the sample after first being passed over NaF to in the original fluorination. Alternatively, the cage is likely 

remove any HF present. This yielded material with stoichi- to become less electronegative and, therefore, less suscep- 

omctrics ranging from C 3 F to C^F (as determined by clcc- tiblc to nucleophilic attack as successive fluorines arc dis- 

tron microprobe analysis) depending on reaction time 55 placed (see Boltalina, et al., 1996, J. Chem. Soc., Perkin 

(between 8 and 12 hours) and on the quantity being fluori- Trans., 2:2275-2278). 

naied. The methylated tubes were not suspendable in any of the 

2.2 Methylated Single-wall Carbon Nanotubes nonpolar hydrocarbon solvents tried, although not all pos- 
Once fluorinated, the nanotubes were then placed in a sibilitics were investigated. Thc fact that thc suspcndability 

reaction flask under a N 2 purge. Methyl lithium (1.4 M in 60 of the methylated lubes in CHC1 3 is superior to that of the 

diethyl ether, Aldrich) was then added in significant molar untreated tubes is interesting, however. Using a suitable 

excess via syringe through a rubber septum in the reaction solvent lo suspend the methylated SWNT as individual lubes 

flask. The reaction mixture was then refluxed for three hours capable of being manipulated individually, will have sig- 

and after which, thc mcthyl lithium was neutralized with a nificant benefits. Alternatively, other nuclcophilcs, e.g. 

water/ether mixture. The resulting material was then filtered, 65 butyl, can be substituted for the fluorine to render thc SWNT 

washed with 3M HC1 (to remove LiF and LiOH) followed more suspendable in a suitable solvent, which is equally 

by methanol and then oven dried at 130° C. Electron significant. 
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In summary, SWNT were methylated by first fluorinating 
them and then reacting the fiuorinated product with methyl 
lithium. This mcthylation of fiuorinated SWN T precursors 
proceeds through a novel nucleophilic substitution pathway 
that is capable of generating a wide range of substituted 
SWOT products. 

Example 3 

3.1 Preparation of Highly Purified SWNTs 

Single wall carbon nanotubes were produced by the dual 
pulsed laser vaporization of Co/Ni doped graphite rods and 
purified by methods discussed previously (Rinzler, ct al., 
Appl. Phys.A, 1998, 67:9-37.). The SWNTs produced in 
this way arc primarily (10,10) nanotubes. The purified 
product is a metastable colloidal suspension of SWNT 
"ropes" (bundles of tubes ranging from a few to 200 
SWNTfc, see Thess, et al., Science 1996, 273, 483-467) in a 
0.2% aqueous solution of Triton™ X-100 surfactant. This 
was then filtered over a PTTE filter membrane (Sartorius, 
with 0.2 ^m pore dimensions) and rinsed with methanol. 
Filtering this and rinsing with methanol leads to a final 
product which is a freestanding "mat" or "bucky paper" of 
SWNTs that is approximately 10 pirn thick. Purity of the 
SWNTs was monitored via scanning electron microscopy 
(JEOL 6320F SEM). FIG. 9 shows a sample of typical 
purity. This product was then resuspended by sonication in 
dimethyl formamide (DMF; Fisher, HPLC grade). Such 
treatment is believed to "cut" the tubes al their defect sites 
and also seems to unravel the ropes somewhat, leading to 
bundles containing fewer SWNTs. This product was then 
filtered, rinsed anil healed in an oven al 150° C. for 2 hours 
prior to fluorination. Sonication in DMF may result in 
smaller SWNT ropes and ultimately lead to a more efficient 
fluorination,. 

3.2 Preparation of Fiuorinated SWNTs 

The purified nanorubes (5-10 mg in the form of bucky 
paper) were, placed in a temperature controlled fluorination 
reactor constructed of Mohcl™ and nickel. After sufficient 
purging in He (Trigas 99.995%) at 250° C, fluorine (Air 
Products 98%, purified of HFby passing it over NaF pellets) 
was introduced. The fluorine flow was gradually increased to 
a flow rate of 2 seem diluted in a He flow of 20 seem. The 
fluorination was allowed to proceed for approximately 10 
hours, at which point the reactor was brought to room 
temperature, and the fluorine flow was gradually lowered. 
After the fluorine flow was completely halted, the reactor 
was purged at room temperature for approximately 30 
minutes before removing the fiuorinated product. The fiu- 
orinated SWNTs consisted of approximately 70 atomic 
percent carbon and 30 atomic percent fluorine as determined 
by electron microprobe analysis (EMPA, Cameca SX-50). 
This fiuorinated product was well characterized with 
Raman, IR, SEM, TEM, resistance measurements and x-ray 
photoclcctron spectroscopy (Physical Electronics PHI 5700 
XPS using soft monochromatic Al Ka (1486.7 eV) x-rays). 

3.3 Solvation in Alcohols 

Allempis lo solubilize fluorotubes wiih the "like dissolves 
like" approach of sonicating and heating them in perfluori- 
nated solvents met with little success. Attempts were also 
made to solvate them in hydrogen bonding solvents. Recent 
studies on the hydrogen bonding capabilities of alkyl fluo- 
rides suggest that the fluorine in such species are poor 
hydrogen bond acceptors (Dunitz, et al., R, Eur, J. Chem., 
1997, 3(l):89-98; Howard, ct al., Tetrahedron, 1996, 
52(38): 12613-12622). The F ion, however, is one of the 
best hydrogen bond acceptors available. The strength of the 
hydrogen bond formed between HF and F approximates that 
of a covalcm bond (Harrcll, ct *L,JA CS 1964, 86:4497). An 
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XPS analysis of our fiuorinated SWNT product reveals an F 
Is peak at a binding energy of 687 eV. Polytetrafluoroetb- 
ylcnc has an F is binding energy of 691.5 eV. This suggests 
that the fluorine bonded to the fluorotubes is considerably 

5 more ionic than the fluorine present in alkyl fluorides (sec 
Watanabc, ct al, Graphite Fluorides, Elsevier: Amsterdam, 
1988; p. 246). Thus, the increased ionic nature of the C — F 
bond in the fluorotubes may make the fluorine on it better 
hydrogen bond acceptors. 
Sonication of the fiuorinated SWNT material in alcohols 

1 was carried out by placing approximately 1 milligram of 
material into a vial containing approximately 10 mL of 
alcohol solvent and sonicating for approximately 10 min- 
utes. Sonication was performed by parlially immersing the 
capped vial in a Cole-Parmer ulirasonic cleaner (containing 

35 water) operating at 55 kHz. The solvated fluorotubes were 
then dispersed on a clean mica surface by means of a 3000 
rpm rotary spinner (Headway Research, Inc.) and examined 
with atomic force microscopy (Digital Instruments Multi- 
mode SPM). The solvated fluorotubes were also analyzed 

20 with a Shimadzu model 1601 PC UV-vis spectrometer using 
quartz cuvetts. 

Fluorotubes were solvated by sonicating in alcohol sol- 
vents including: methanol, ethanol, 2,2,2-trifluoroethanol, 
2-propanol, 2-butanol, n-pentanol, n-hexanol, cyclohexanol 

25 and n-heptanol. Sonicating the fluorotubes in alcohol sol- 
vents produced metastable solutioas. These solutions were 
stable for a couple of days to over one week, depending on 
the concentration and solvent used. While typical sonication 
times were around 10 minutes, the heavier solvents 
(pentanol and up) required slightly longer sonication times 

30 m order lo fully suspend Ihe lubes. Of Ihc solvents used, 
2-propanol and 2-butanol seemed to solvate the fluorotubes 
the best with the solutions being stable for more than a week. 
The solubility limit of the solvated "fluorotubes" in 
2-propanol is al leastO.l mg/mL. This solution was slable 

35 for slightly less than a week with some particulate matter 
precipitating out after a few days. This suggests that pushing 
the solubility limit somewhat decreases the solution's sta- 
bility or thai a super saturated solution can exist for a shorter 
period of time. All of the other solutions were stable for at 

40 least a couple of days before the onset of precipitation. A 
likely scenario for such solvation would be hydrogen bond- 
ing between the alcohol's hydroxyl hydrogen and ihe nano- 
tubebound fluorine (scheme 1). No evidence of alkoxy 
substitution (or evolution of HP) was observed. 



Scheme 3 



50 




Efforts were also made to solvate the fluorotubes in other 
strong hydrogen bonding solvents like water, diethyl amine, 
acetic acid and chloroform. While water will not "wet" the 

60 fluorotube by itself, it will with the addition of a small 
amount of acetone. Still, even long sonication times in this 
water/acetone mixture failed to solvate the fluorotubes. 
Likewise, neither dicthylaminc nor acetic acid would solvate 
the fluorotubes. Chloroform solvated the tubes, but the 

65 solution was far less stable than those in alcohol solvents, 
with the fluorotubes falling out of solution in less than an 
hour. 
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gp&rignard reaction is thus an example of the typical reaction of 
jpJSiketones: nucleophilic addition. - . 

.gjps only half the story. Not only does the Grignard synthesis involve 
^f|l carbon-carbon bond, but the product contains the highly versatile 
^Spi Andnpw. as we shall soon see, the way is open to further synthesis, 
Hffii^g of still bigger and more complicated structures. 

W-tc ...... 



^|>mlHcts of the Grignard synthesis 

Pl|ss>of alcohol that is obtained from a Grignard synthesis depends upon 
jilparbonyi compound used : formaldehyde \ HCHO, yields primary alcohols ; 
^efiydes, RCHO, yield secondary alcohols; and ketones, R 2 CO, yield tertiary 
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+ R^MgX 



H 



Y - 

H~C-OMgX 
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A ! ketones 
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HjO., 



R* 



R'~i-OH 
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pThis relationship arises directly from our definitions of aldehydes and ketones, 
»J|^ definitions; of primary, secondary < arid tertiary dcohds. The number of 
Mrogens attached to the carbonyl carbon defines the carbonyl compound as 
Klldehyde, higher aldehyde, or ketone, the carbonyl carbon U throne that 
Ifiybears the -rQHjgroup in the product; here the number of hydrogens defines 
lalcohol as primary, secondary, or tertiary. For example : 



MgBr Formaldehyde 

jec-Burylmagnesium 
bromide : . 



.... ,,',.^3.,, 

. CH^CH 2 eH-eH 2 OMgBr 

HjO 



CH 3 CHXH~CH 2 pH 

:'V-; : A;l°'aIcohol'V'<:.h : ; 
■„ 2-McthyM-Duiapo) 
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